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ADVERTISEMENT. 



The Committee appointed by the Rojjal Society to direct the publication of the 
Philosophical Transactions take this opportunity to acquaint the public that it fuUy. 
appears, as well from the Council-books and Journals of the Society as from repeated 
declarations which have been made in several former Transactions, that the printing of 
them was always, from time to time, the single act of the respective Secretaries till 
the Forty-seventh Volume ; the Society, as a Body, never interesting themselves any 
further in their publication than by occasionally recommending the revival of them to 
some of their Secretaries, when, from the particular circumstances of their affairs, the 
Transactions had happened for any length of time to be intermitted. And this seems 
principally to have been done with a view to satisfy the public that their usual 
meetings were then continued, for the improvement of knowledge and benefit of 
mankind : the great ends of their first institution by the Royal Charters, and which 
they have ever since steadily pursued. 

But the Society being of late years greatly enlarged, and their communications more 
numerous, it 'was thought advisable that a Committee of their members should be 
appointed to reconsider the papers read before them, and select out of them such as 
they should judge most proper for publication in the future Transactions ; which was 
accordingly done upon the 26th of March, 1752. And the grounds of their choice are, 
and will continue to be, the importance and singularity of the subjects, or the 
advantageous manner of treating them ; without pretendijig to answer for the 
certainty of the facts, or propriety of the reasonings contained in the several papers 
so published, which must still rest on the credit or judgment of their respective 
authors. 

It is likewise necessary on this occasion to remark, that it is an established rule of 
the Society, to which they will always adhere, never to give their opinion, as a Body, 
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upon any subject, either of Nature or Art, that comes before them. And therefore the 
thanks, which are frequently proposed from the Chair, to be given to the authors of 
such papers as are read at their accustomed meetings, or to the persons through whose 
hands they received them, are to be considered in no other light than as a matter of 
civility, in return for the respect shown to the Society by those commimications. The 
like also is to be said with regard to the several projects, inventions, and curiosities of 
various kinds, which are often exhibited to the Society ; the authors whereof, or those 
who exhibit them, frequently take the liberty to report, and even to certify in the 
public newspa})ers, that they have met with the highest applause and approbation. 
And therefore it is hoped that no regard will hereafter be paid to such reports and 
public notices ; which in some instances have been too lightly credited, to the 
dishonour of the Society. 
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List of Institutions entitled to beceive the Philosophical Tkansactions or 

Proceedings op the Royal Society. 



InntitntioiM marked a are entitled to receive PhiloAophical TransactionB, Series A, and Proceedings. 
„ ,, B „ „ ,, „ Series B, and Proceedings. 

., AB „ „ „ „ Series A and B, and Proceedings. 

„ ;> „ » Proceedings only. 



America (Central). 
Mexico. 
p. Sociedad Cientifioa '* Antonio Alzate." 
Ainerioa(North). (See Unitbd States and Canada.) 
America (South). 
Bnenos A3rres. 

AB. Maseo Nacional. 
Caracas. 

B. University Library. 
Cordova. 

AB. Academia Nacional de Cionoias. 
Demerara. 
p. Royal Agricnltaral and Commercial 
Society, British Ouiana. 
La Plata. 

B. Museo de La Plata. 
Rio de Janeiro. 
p, Observatorio. 
Australia. 
Adelaide. 
p. Royal Society of Sonth Australia. 

Brisbane. 

p. Royal Society of Qaeensland. 
Melbourne. 

p. Observatory. 

p. Royal Society of Victoria. 

AB. University Library. 
Sydney. 



p, Australian Museum. 


B. 


jj. Geological Survey. 


AB. 


p. Linnean Society of New South Wales. 


B. 


AB. Royal Society of New South Wales. 




AB. University Library. 


P- 


Austria. 


P' 


Agram. 




p. Jugoslavenska Akademija Znanosti i Urn- 


P- 


jetnosti. 


Ghent. 


p. Societas Historico-Naturalis Croatica. 


AB. 



Austria (continued). 
Briinn. 

AB. Naturforschender Verein. 
Gratz. 
AB. Naturwissenschaftlicher Verein fur Steier- 
mark. 
Innsbruck. 
AB. Das Ferdinandeum. 
p, Naturwissenschafllich - Medicinischer 
Verein. 
Prague. 

AB. Konigliche Bohmische Gesellschaft der 
Wissenschaf ten . 
Trieste. 

B. Museo di Storia Naturale. 
jj. Society Adriatica di Scienze Natarali. 
Vienna. 
p, Anthropologische Gesellschaft. 
AB. Kaiserliche Akademie der Wissenschaf ten. 
p, K.K. Geographische Gesellschaft. 
AB. K.K. Geologische Reichsanstalt. 
B. K.K. Naturhistorisches Hof- Museum. 
B. K.K. Zoologiseh-Botanische Gesellschaft. 
p. Oesterreichische Gesellschaft fiir Meteoro- 

logie. 
A. Von Knffner'sche Stemwarte. 
Belgium. 
Brussels. 

Academic Roy ale de M^decine, 
Acad^mie Royale des Sciences. 
Mus^ Royal d*Histoire Naturelle de 

Belgique. 
Observatoire Royal. 
Soci^t^ Beige de Gfologie, de Pal6onto- 

logie, et d'Hydrologie. 
Soci^te Malaoologique de Belgique. 

Univei-sity. 
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Belgirun (continned). 
h\6ge, 

AB. Soci6te des Sciences. 

p. Soci6t^ Geologique de Belgique, 
Lou vain. 

6. Laboratoire de Microscopie et de Biologie 
Cellulaire, 

AB. University. 
Canada. 
Hamilton. 

p. Hamilton Association. 
Montreal. 

AB. MoGill University. 

p. Natural History Society. 
Ottawa. 

AB. Geological Survey of Canada. 

AB. Royal Society of Canada. 
Toronto. 

p. Astronomical and Physical Society. 

p, Canadian Institute. 

AB. University. 
Cape of Good Hope. 

A. Observatory. 

AB. South African Library. 
Ceylon. 
Colombo. 

B. Museum. 
China. 

Shanghai. 
p, China Branch of the Royal Asiatic Society. 

Denmark. 
Copenhagen. 

AB. Kongelige Danske Yidenskabemes Selskab. 
Egypt. 

Alexandria. 

AB. Biblioth^que Municipale. 
Sngland and Wales. 
Aberystwith. 

AB. University College. 
Bangor. 

AB. University College of North Wales. 
Birmingham. 

AB. Free Central Library. 

AB. Mason College. 

p. Philosophical Society. 
Bolton. 

p. Public Library. 
Bristol. 

p. Merchant Venturers' School. 

AB. Univei-sity College. 
Cambridge. 

AB. Philosophical Society. 

p» Union Society. 



England and Wales (continued). 
Cooper's Hill. 

AH. Royal Indian Engineering College. 
Dudley. 

p, Dudley and Midland Geological and 
Scientific Society. 
£ssex. 

p, Essex Field Club. 
Falmouth. 

p. Boyal Cornwall Polytechnic Society. 
Greenwich. 

A. Royal Observatory. 
Kew. 

B. Royal Gardens. 
Leeds. 

p. Philosophical Society. 

AB. Yorkshire College. 
Liverpool. 

AB. Free Public Library. 

p. Literary and Philosophical Society. 

A. Observatory. 

AB. University College. 
London. 

AB. Admiralty. 

p. Anthropological Institute. 

AB. British Museum (Nat. Hist.). 

AB. Chemical Society. 

A. City and Guilds of London Institute. 
p. " Electrician," Editor of the. 

B. Entomological Society. 
AB. Geological Society. 

AB. Geological Survey of Great Britain. 

p. Geologists* Association. 

AB. Guildhall Library. 

A. Institution of Civil Engineers. 

p. Institution of Electrical Engineers. 

A. Institution of Mechanical Engineers. 

A. Institution of Naval Architects. 
p. Iron and Steel Institute. 

AB. King's College. 

B. Linnean Society. 
AB. London Institution. 
p, London Library. 

A. Mathematical Society. 

p. Meteorological Office. 

p, Odontological Society. 

p. Pharmaceutical Society. 

p. Physical Society. 

p. Quekett Microscopical Club. 

p. Royal Agricultural Society. 

A. Royal Astronomical Society. 

B. Royal College of Physicians. 
B. Royal College of Surgeons. 
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England and Wales (continaed). 
London (continaed). 

p. Rojal Engineers (for Libraries abroad, six 
copies). 

AB. Royal En^neei*s. Head Qaarters Library. 

p. Royal Geographical Society. 

p. Royal Horticultural Society. 

p. Royal Institute of British Architects. 

AB. Royal Listitution of Great Britain. 

B. Royal Medical and Chirurgical Society. 

p. Royal Meteorological Society. 

p. Royal Microscopical Society. 

p. Royal Statistical Society. 

AB. Royal United Service Institution. 

AB. Society of Arts. 

p: Society of Biblical Archaeology. 

p. Society of Chemical Industry (London 
Section). 

p. Standard Weights and Measures Depart- 
ment. 

AB. The Queen's Library. 

AB. The War OflBce. 

AB. University College. 

p. Victoria Institute. 

B. Zoological Society. 
Manchester. 

AB. Free Library. 

AB. Literary and Philosophical Society. 

p. Geological Society. 

AB. Owens College. 
Netley. 

p. Royal Victoria Hospital. 
Newcastle. 

AB. Free Library. 

p. North of England Institute of Mining and 
Mechanical Engineers. 

p. Society of Chemical Industiy (Newcastle 
Section). 
Norwich. 

p. Norfolk and Norwich Literary Institution. 
Nottingham. 

AB. Free Public Library. 
Oxford. 

p. Ashmolean Society. 

AB. Radcliffe Library. 

A. Radcliffe Observatory. 
Penzance. 

p. Geological Society of Cornwall. 
Plymouth. 

B. Marine Biological Association. 
p, Plymouth Institution. 

Richmond. 

A. " Kew " Observatoiy. 



England and Wales (continued). 
Salford. 

p. Royal Museum and Library. 
Stonyhurst. 

p. The College. 
Swansea. 

AB. Royal Institution. 
Woolwich. 

AB. Royal Artillery Library. 
Finland. 
Helsingfors. 

p. Societas pro Fauna et Flora Fenuica. 

AB. Soci^t^ des Sciences. 
France. 
- Bordeaux. 

p, Acad^mie des Sciences. 

p. Faculty des Sciences. 

p, Societe de M6decine et de Chirurgie. 

p. Soci^t^ des Sciences Physiques et 
Naturelles. 
Caen. 

p. Society Linneenne de Normandie. 
Cherbourg. 

p. Societe des Sciences Naturelles. 
Dijon. 

p. Academic des Sciences. 
LiUe. 

p, Faculte des Sciences. 
Lyons. 

Afi. Acad^mie des Sciences, Belles-Lettres et Arts. 

AB. University. 
Mai'seilles. 

AB. Faculty des Sciences. 
Montpellier. 

AB. Academic des Sciences et Lettres. 

B. Faculty de Medecine. 
Nantes. 

p, Soci6t^ des Sciences Naturelles de TOuest 
de la France. 
Paris. 

An. Academic des Sciences de Tlnstitut. 

p. Association Fran9aise pour PAvancement 
des Sciences. 

jp. Bureau des Longitudes. 

A. Bareau International des Poids et Mesuros. 

jp. Commission des Annales des Ponts et 
Chaussees. 

p. Conservatoire des Arts et Metiers. 

p. Cosmos (M. l'Abb^ Valette). 

AB. D6p6t de la Marine. 

AB. £cole des Mines. 

AB. Scole Normale Sup^rieure. 

AB. £cole Polytechnique. 

AB. Faculty des Sciences de la Sorbonne. 

AB. Jardin des Plantes. 
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France (continued). 
Paris (continned). 
p. L*£lectricien. 

A. L'Observatoire. 

p. Revne Scientifique (Mons. H. de Vartgny). 

p. Society de Biologie. 

A6. Soci6t6 d'Encouragement pour rindostrie 

Nationale. 
AB. Soci^t^ de G^ographie. 
p. Soci^t^ de Physique. 

B. Soci^te Entomologique. 
AB. Soci^t6 G^ologique. 

p. Sooi6t6 Math^matique. 

p, Socim M^t^orologiqne de France. 
Toulouse. 

AB. Aoad^mie des Sciences. 

A. Faculty des Sciences. 
Oermany. 
Berlin. 

A. Deutsche Ghemische Gesellschaffc. 

A. Die Stemwarte. 

p, Gesellschaft f iir Erdkunde. 

AB. Konigliche Preussische Akademie der 
Wissenschaften. 

A. Phjsikalische Gesellschaft. 
Bonn. 

AB. Universitat. 
Bremen. 

p, Naturwissenschaftlicher Verein, 
Breslau. 

p, Schlesische Gesellschaft fiir YaterlUndische 
Kultur. 
Brunswick. 

p. Verein fiir Naturwissenschaf t. 
Carlsruhe. See Karlsruhe. 
Charlottenburg. 

A. Phjsikalisch-Technische Reichsanstalt. 
Danzig. 

AB. Naturforschendo Gesellschaft. 
Dresden. 

p. Verein fur Erdkunde. 
Emden. 

p. Naturforschende Gesellschaft. 
Erlangen. 

AB. Phjsikalisch-Medicinische Societat. 
Frankf urt-am-Main . 

AB. Senckenbergische Naturforschende Gesell- 
schaft. 

p. 2kK)logische Geselbchaft. 
Frankf urt-am-Oder. 

p. Naturwissenschaftlicher Verein. 
Freiburg-im-Breisgau. 

AB. Universitat. 
Giessen. 

AB. Gix>ssherzogliche Universitat. 



Oermany (continued). 
GOrlitz. 

p, Naturforschende Gesellschaft. 
Gottingen. 

AB. Konigliche Gesellschaft der Wissenschaften . 
Halle. 

AB. Kaiserliche Leopoldino - Carolinische 

Deutsche Akademie der Naturforscher. 
p, Naturwissenschaftlicher Verein fiir Sach- 
sen und ThUringen. 
Hamburg. 
p, Naturhistorisches Museum. 
AB. Naturwissenschaftlicher Verein. 

Heidelberg. 

p. Natm-historisch-Medizinischer Verein. 

AB. Universitat. 
Jena. 

AB. Medicinisch-Naturwissenschafbliche Gesell- 
schaft. 
Karlsruhe. 

A. Grossherzogliche Stemwarte. 

jp. Technische Hochschule. 
Kiel. 

p, Naturwissenschaftlicher Verein fiir 
Schles wig-Holstein . 

A. Stemwarte. 

AB. Universitat. 
KOnigsberg. 

AB. Konigliche Phjsikalisch - Okonomische 
Gesellschaft. 
Leipsic. 

p. Annalen der Physik und Chemie. 

AB. Konigliche Sachsische Gesellschaft der 
Wissenschaften. 
Magdeburg. 

p, Naturwissenschaftlicher Verein. 
Marburg. 

AB. Universitat. 
Munich. 

AB. Konigliche Bajerische Akademie der 
Wissenschaften . 

p. Zeitschrift fiir Biologie. 
MUnster. 

AB. Konigliche Theologische und Philo- 
sophische Akademie. 
Potsdam. 

A. Astrophjsikalisches Observatorium. 
B/Ostock. 

AB. Universitat. 
Strasburg. 

AB. Universitat. 
Tubingen. 

AB. Universitat. 
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Germany (continued). 

WUrzbnrg. 

AB. Physikalisch-Medicinisohe Gtesellschaft. 
Oreece. 

Athens. 

A. National Observat.ory. 
Holland. (See Nethbrlands.) 
Hungary. 

Bada-pest. 
p. Eonigl. Ungarisohe Geologische Anstalt. 
AB. A Magyar Tud6s Tdrsasig. Die IJngariscbe 
Akademie der Wissenschaften. 
Hermannstadt. 
p. Siebenbiirgischer Verein fiir die Natnr- 
wissensebaften. 
Klansenbnrg. 
AB. Az Erd^lji Mnzeam. Das Siebenbiirgische 
Mnseum. 
Scbemnitz. 
p, K. IJngariscbe Berg- and Forst-Akademie. 
India. 
Bombay. 
AB. Elpbinstone College. 
p. Royal Asiatic Society (Bombay Brancb). 
Calcutta. 

AB. Asiatic Society of Bengal. 
AB. Oeological Museum. 
p. Great Trigonometrical Survey of India. 
AB. Indian Museum. 

p. Tbe Meteorological Reporter to the 
Government of India. 
Madras. 

B. Central Museum. 
A. Observatory. 

Roorkee. 

p. Roorkee College. 
Ireland. 
Armagh. 

A. Observatory. 
Belfast. 

AB. Queen's College. 
Cork. 

p. Philosophical Society. 

AB. Queen's College. 
Dublin. 

A. Observatory. 

AB. National Library of Ireland. 

B. Royal College of Surgeons in Ireland. 
AB. Royal Dublin Society. 

AB. Royal Irish Academy. 
Galway. 

AB. Queen's College. 
VOL. CLXXXIX. — B. h 



Italy. 

Acireale. 

p, Accademia di Scienze, Lettere ed Arti. 
Bologna. 

AB. Accademia delle Scienze dell' Istitnto. 
Catania. 

AB. Accademia Gioenia di Scienze Naturali. 
Florence. 

p. Biblioteca Nazionale Centrale. 

AB. Museo Botanico. 

p. Reale Istitnto di Studi Superior!. 
G^noa. 

p, Societa Ligustica di Scienze Naturali e 
Geografiche. 
Milan. 

AB. Reale Istituto Lombardo di Scienze, 
Lettere ed Arti. 

AB. Society Italiana di Scienze Naturali. 

Modena. 

p. Le Stazioni Sperimentali Agrarie Italiane. 
Naples. 

p. Societal di Naturalist!. 

AB. Societal Reale, Accademia delle Scienze. 

B. Stazione Zoologica (Dr. Dohbn). 
Padua. 

p. University. 

Palermo. 

A. Circolo Matematico. 

AB. Consiglio di Perfezionamento (Societal di 
Scienze Naturali ed Economiche). 

A. Reale Osservatorio. 
Pisa. 

p, 11 Nuovo Cimento. 

p. Societi^ Toscana di Scienze Naturali. 
Rome. 

p, Accademia Pontificia de' Nuovi Lincei. 

p, Rassegna delle Scienze Geologiche in Italia. 

A. Reale Ufficio Centrale di Meteorologia e di 
Geodinamica, Collegio Romano. 

AB. Reale Accademia dei Lincei. 

p, R. Comitate Geologico d* Italia. 

A. Specola Vaticana. 

AB. Society Italiana delle Scienze. 
Siena. 

p. Reale Accademia dei Fisiocritici. 
Turin. 

p, Laboratorio di Fisiologia. 

AB. Reale Accademia delle Scienze. 
Venice. 

p. Ateneo Veneto. 

AB. Reale Istituto Veneto di Scieuze, Lettere 
ed Arti. 
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Japan. 

Toki6. 

AB. Imperial University. 
p, Asiatic Society of Japan. 
Java. 

Buitenzorg. 

p. Jardin Botanique. 
Luxembourg. 
Luxembourg. 
p. Soci^te des Sciences Naturellcs. 
Malta. 

p. Public Library. 
Mauritius. 

p. Royal Society of Arts and Sciences. 

Netherlands. 
Amsterdam. 

AB. Koninklij ke Akademie van Wetenschappen . 
p, K. Zoologiscb Geuootschap *Natura Artis 
Magistra.' 
Delft. 

p. Ecole Polytechniqne. 
Haarlem. 

AB. Hollandsche Maatschappij der Weten- 
schappen. 
p, Musee Teyler. 
Leyden. 

AB. University. 
Rotterdam. 

AB. Bataafsch Genootscbap der Proefonder- 
vindelijke Wijsbegeerte. 
Utrecht. 

AB. Provinciaal Geuootschap van Kunsten en 
Wetenschappen. 
New Brunswick. 
St. John. 
p. Natural History Society. 
New Zealand. 
Wellington. 

AB. New Zealand Institute. 
Norway. 
Bergen. 

AB. Bergenske Museum. 
Christiania. 

AB. Kongelige Norske Frederiks Universitet. 
Tromsoe. 

jp. Museum. 
Trondhjem. 

AB. Kongelige Norske Videnskabers Selskab. 

Nova Scotia. 

Halifax. 

p. Nova Scotian Institute of Science. 
Windsor. 

p. King's College Library. 



Portugal. 
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Adjudication of the Medals of the Royal Society for the year 1897, 

by the President and Council. 



The Copley Medal to Albert von Kolliker, For.Mera.RS., in recognition of 
his important work in Embryology, Comparative Anatomy, and Physiology, and 
especially for his eminence as a Histologist. 

A Royal Medal to Andrew Russell Forsyth, F.R.S., for his Contributions to 
the progress of Pure Mathematics, and especially for his work in Differential 
Equations and the Theory of Functions. 

A Royal Medal to Lieut. -General Sir Riohajid Straohey, F.RS., for his 
Researches in Geographical, Meteorological, and Botanical Science. 

The Davy Medal to John Hall Gladstone, F.R.S., for his numerous Contri- 
butions to Chemical Science, and especially for his important work in the Application 
of Optical Methods to Chemistry. 

The Buchanan Medal to Sir John Simon, F.R.S., for his Distinguished Services 
as an Organiser of Medical Sanitary Administration in this country, and as a 
promoter of Scientific Research relating to Public Health. 



The Bakerian Lecture, " On the Mechanical Equivalent of Heat," was delivered by 
Osborne Reynolds, M.A., F.R.S., and W. H. Moorby. 

The Croonian Lecture, "The MammaHan Spinal Cord as an Organ of Reflex 
Action," was delivered by Charles S. Sherrington, M.D., F.R.S. 
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1. On the Structure and Affinities of Fossil Plants from the PalcBOzoic Rocks. — 
On Cheirostrobus, a new type of Fossil Cone from the Lower Carboniferous 
Strata {Calciferous Sandstone Series). 

By D. H. SooTT, M.A.^ Ph.D.^ F.R.Sy Honorary Keeper of the Jodrell Laboratory, 

Royal Gardens, Kew, 

Received April 3,— Read April 8, 1897. 

[Plates 1-6.] 

Introduction. 

The higher Cryptogamic Flora of the PalsBOzoic period was exceedingly rich 
compared with that of our own day. Confining our attention to those Cryptogams 
in which the fructification has the form of a definite cone or strobilus, we find that 
at least eight"*^ distinct types of such strobili are already known fi:om the primary 
rocks, leaving out of account all minor differences of a merely specific value, and 
ignoring imperfectly-known forms. From the recent Flora we could not obtain 
more than three equally distinct classes of Cryptogamic cones. 

The fossil strobili at present discovered group themselves under three categories, — 
the Lycopodiaceous, the Equisetaceous or Calamarian, and the Sphenophyllaceous 
The two former coincide with well-known recent orders, while the last belong to a 
purely fossil group, at present only known from the Palaeozoic formations, and so far 
of undetermined aflSnities. 

The form about to be described is widely different fi:om the fructification of any 
Vascular Cryptogam, recent or fossil, at present recorded, but it appears to approach 
the third group, that of the Sphenophyllese, more nearly than either of the others.t 

The bed which has yielded this specimen is one of great antiquity, belonging 
to the Calciferous Sandstone Series, at the very base of the Carboniferous formation, 
and therefore occurring at an horizon enormously more ancient than that of the 
Coal Measures, from* which the majority of our specimens of Palaeozoic plants have 
been derived. The deposit is at Pettycur, near Burntisland, on the Firth of Forth, 
and is already well known from the interesting vegetable remains, with structure 

• Oalamostachys^ PcUoeostachya, Bomia, Oingularui, Spkenophyllum Dawaoni, Bowmanites B6mer%, Lepi- 
dastrobus, SigiUartoatrohus, 

t See preliminarj paper " On Oheirostrohusy a new type of Fossil Cone from the Calciferous Sand- 
stones," * Proceedings Royal Society,' vol. 60, p. 4.17; 1897. 
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preserved, previously obtained from it, among which may be mentioned SphenophyUum 
insigne, Heterangium Grievti, Rachiopteris duplex^ Lepidodendron brevifoliumf and 
a Lepidostrobics, possibly of the same plant.* The great geological age of this 
deposit evidently gives a special interest to the fossil remains which it contains, 
among which it would not be surprising to find traces of synthetic types, combining 
the characters of orders of plants otherwise distinct. In the discovery of Cheiro- 
6'robu8 there is reason to believe that this possibility has been to some extent 
realised. 

The only specimen of the cone at present known was found by Mr. James Bennie, 
of Edinburgh, in 1883. Sections of the specimen were in the possession of Mr. 
R. KiDSTON, F.G.S., to whom I am deeply indebted, as he not only called my 
attention to this fossil, but lent me his own sections for investigation, and obtained 
for me from the owner the remainder of the original block, which has yielded a 
number of new sections of great value. 

As explained in the preliminary paper,t I had previously examined a fragment in 
the Williamson Collection, which has turned out to be, in all probability, the 
peduncle of another specimen of the same fructification. The peculiarities of this 
fragment were sufficient to show that it must have belonged to an undescribed 
plant, probably with some affinity to Sphenophyllum.\ When, through Mr. Kidston's 
kindness, I had the opportunity of investigating the actual cone, this conclusion 
became confirmed in a degree hardly to have been anticipated. 

Although the examination of the peduncle came first in point of time, it will be 
more convenient, in the present memoir, to go on at once to the fructification itself, 
which is the object of chief interest, postponing the necessary details as to the 
peduncle to a later page. 

The specimen is calcified, the block in which it occurs being of exceptionally 
uniform texture, and thus well suited for obtaining good sections. The structure is 
fortunately preserved with great perfection, so that from the solitary specimen a 
fairly complete knowledge of the strobilus can be obtained. I am iif/ormed that the 
original length of the fragment was about two inches. It includes the base of the 
cone, with part of its peduncle, but the apex is absent, and as dimensions and 
structure remain uniform so far as the specimen extends, we have no means of 
saying what the ftdl length may have been. In its present state the cone is some- 
what flattened, measuring about 5 centims. in greatest, by 2 to 2*3 centims. in least 
diameter. In parts the sporophylls have been a good deal displaced, but the 
flattening is due, not so much to crushing, as to the partial destruction of the 
appendages on two opposite sides (see Plate 1, photograph 1). From measurements 

* See WiLLUMSOK, "^ Organisation of the Fo89il Plants of the Coal Measures," 'Phil. Trans.,' 
1871-93, passim, 
t J^- cit.f p. 417. 
J * British Association Report,' 1896, p. 1024. 
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of the most perfect portion, it appears that the diameter of the strobilus in its 
natural condition was at least 3*5 centims. 



General Morphology. *^ 

The axis of the cone maintains, throughout the specimen, a diameter of about 
7 raillims. Its appendages are borne in somewhat crowded verticils ; fourteen of 
such verticils occupied a portion of the axis about an inch (2*5 centims.) in length. 
The members of successive whorls are not alternate, but superposed, lying exactly 
above each other in vertical lines. This important point is shown most decisively 
in tangential sections of the cone, such as that represented in Plate 1, photograph 6, 
with which Plate 2, photograph 8, may be compared. The number of members in 
each whorl was twelve. The whole number is not shown in any one transverse 
section, but follows from the number and arrangement of the leaf-traces, and their 
relation to the appendages, as shown for example in Photograph 2. The axis is 
traversed by a vascular cylinder, the wood of which is polyarch, with twelve pro- 
minent angles, each of which corresponds to one of the vertical series of appendages 
(see Plate 1, photographs 1-3). The exact relation of the anatomy to the external 
organisation will be fully considered below. 

The appendages may be called sporophylls, as they are foliar structures, which 
ultimately bear the sporangia. Their organisation, however, is remarkably complex, 
more so than in any strpbiloid Cryptogam at present known. 

The length of each sporophyll, from its insertion on the axis to its distal extremity, 
.was about 1 4 centim., as determined from the best-preserved parts of the specimen. 
Its general direction, when not displaced, was horizontal ; at the base of the cone, 
however, where the appendages are shorter, they have a downward inclination (see 
Plate 3, photograph 15). These basal sporophylls will be dealt with afterwards ; it 
present only those of the ordinary form, such as occupy the greater part of the 
strobilus, will be considered. 

The sporophyll remains undivided for only a very short distance £rom its insertion. 
ITie lei^-base, or phyllopodium,t which has a slight upward slope, is about 1 millim. 
long — ^its transverse section (shown in tangential sections of the cone) is roughly 
oblong, with a width of about 2 millims., and a height of nearly 1 miilim. (see 
Plate 1, photographs 4, 5, and 6 ; Plate 2, photograph 7). The leaf-bases of the 
same verticil are distinctly connate, so as to form a pontinuous ring round the axis 
(see Photographs 2 and 6). 

The sporophyll, at a distance of about a millimetre from the axis, divides into an 
upper and a lower lobe or limb, the one placed directly above the other (see Photo- 

* See, in addition to the photographs and fig^nres, the diagram of the cone on p. 7. 
t BowsB, ^' Comp. Morph. of the Leaf in Vase Cryptogams ^nd OjmnoBpeniiB," ' Phil. Trans.,' 1884, 
Part IL, p. 669. 
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graphs 4, 5, 6, and 7). Each lobe immediately undergoes subdivision in a palmate 
manner, into three segments, so that a normal sporophyll consists of six segments in 
all, three of which belong to the upper and three to the lower lobe. These sub- 
divisions are best observed in tangential sections of the cone, passing through the 
region of the sporophyll bases (see Photographs 6 and 7). Occasionally the number 
may be less than six, especially at the bottom of the cone, but the six segments, 
three inferior and three superior, are the rule. 

The segments, or leaflets, have a very peculiar form : each consists of a long, 
straight, slender petiole, or more correctly, petiolule,* the average diameter of which 
is only about '35 millim. (Plates 1-3, photographs 4, 5, 8, 9, and 14). This extends 
horizontally for a distance of a centimetre or more, and then terminates in a relatively 
large laminar expansion. The segments are of two kinds, the one fertile, bearing 
the sporangia, the other sterile. So far as the petiolules are concerned, the fertile 
and sterile segments are almost exactly alike, but their laminae are very different 
(Plates 2 and 3, photographs 9-13). 

The fertile segment, or sporangiophore, as it may conveniently be termed, has a 
bulky lamina, the general form of which is peltate, but with a somewhat complex 
contour (see photographs above cited) and considerable thickness. On its inner 
or adaxial side the lamina bears (in most cases at least) four diagonally placed 
outgrowths, on each of which a sporangium is borne. The number of sporangia on 
each sporangiophore has been determined chiefly from the comparison of radial and 
transverse sections, in both of which views the attachments of two sporangia are 
usually shown (see Photographs 9 and 12), and also from the grouping of the 
sporangia around the petiolules, as shown in tangential sections (Photograph 14). 
In some cases three sporangia are shown in the radial section of a sporangiophore 
(Photogi*aph 9, /.*); this may be merely due to displacementi or may indicate that 
five in all may occasionally have been present. 

The sporangia are long and narrow, extending back along the petiolules, so as 
nearly or quite to reach the axis (see Photographs 1 and 4). As the axis is approached 
the space available obviously diminishes, and to accommodate themselves to these 
conditions, about half the sporangia stop short of the axis,t while the remainder 
extend quite to its surface, fitting into the spaces between the sporophyll-bases 
and their segments (Photographs 2, 5, and 7). The spoittngia thus have a curiously 
elongated form, for, roughly speakings they are about a centimetre long, by about a 
millimetre in mean diameter (Photograph 4). At the outer end a sporangium may 



* In the preliminarj paper the word pedicel was used for these organs, from analogy with the 
sporangiferons pedicels of Sphenophyllum. It seems preferable, however, to adopt a term more in 
harmony with the foliolar natnre of the segments. 

^ Shown by the diminished number of sporangia, as compared with that of the petiolules, in tangen- 
tial sections approaching the axis. 
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measure about 1 5 millim. in its horizontal diameter, but it tapers towards the axis 
to a more or less pointed extremity. 

The fertile laminae fit pretty closely together both as seen in radial and transverse 
section (see Photographs 9 and 1 2). The sterile segments, however, are longer than 
the sporangiophores, and their laminae overlap those of the latter. The arrangement 
of sterile and fertile segments is such that they alternate regularly with each other 
in the same vertical series, as shown in a radial section such as that represented in 
Photograph 10. As the fertile laminae are of suflScient dimensions to occupy by 
themselves the whole of the available space, it is evident that they must be grooved 
on their upper and lower surfaces so as to allow the sterile segments above and below 
them to reach the exterior. That this is so is shown by radial sections, where the 
sterile lamina is often seen encroaching on its fertile neighbour (Photographs 9, 8L\ 
and 11 St.), and by transverse sections, such as that shown in Photogragh 13, where 
the two lateral wings of a fertile lamina are seen with the sterile segment passing 
between them. Indications of the arrangement can also be seen in tangential sections, 
but, unfortunately, such sections through the region of the laminae are rarely satis- 
factory. The transverse section shown in Photograph 12 cuts the fertile laminae in a 
more median plane, so as nearly to miss the groove. 

Before further considering the relative positions of the fertile and sterile segments 
we will complete the description of the latter. 

The sterile segment begins to widen out as it passes through the groove of the 
fertile lamina and spreads out beyond it, as seen in transverse sections of the cone 
(Photograph 13) into a kite-shaped blade with lateral lobes. The comparison of 
radial with transverse sections, however, shows that the sterile lamina is really 
of a very complex form. On its under surface it has a pair of blunt downward 
projections, placed side by side, which cover the external surface of the fertile 
lamina next below (see Photographs 10, st^, and 11, sL). In the opposite direction the 
apex of the lamina divides into two more slender prolongations, which turn upwards, 
overlapping the sterile lamina next above, and extending up for a distance equal to 
several intemodes. In this particular the account given in the preliminary paper 
requires modification, for both the " upturned foliaceous scale " and the " shorter and 
stouter downward prolongation " there spoken of* are really double. This is seen 
very clearly in transverse sections, as in that shown in Photograph 12, $t.^, and st. 
Outside the fertile lamina yi\ we see two pairs of appendages cut transversely. The 
inner pair, which are the larger, and consist of somewhat large-celled tissue, represent 
the downward prolongations of the sterile lamina next above ; whilei the outer pair, 
which are rather smaller, and of denser structure, represent the upward prolonga- 
tions of the sterile lamina next below. The comparison with the radial section 
(Photographs 10 and 11) shows clearly that this is the right interpretation (see the 

• loc, cit, p. 420. 
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DESCRIPTION OF DIAGRAM. 

The upper part of the diagram shows half the cone in transverse section ; the lower part is shown in 
radial section ; the position of tlie varioas organs corresponds in the two sections. 

1. Transverse section. Six complete sporophjlls are shown, each iiith three segments. The three 

spoi-ophjlls to the left are represented as in median section throngh the fertile segments(/.) ; 
the three to the right as in median section throngh the sterile segments (et,). On each side 
one sporophjU is shown in detail. «.m., sporangia. 

8p. h. One sporophjll, showing the three peltate fertile segments, or sporangiophores, nnited at 
the base. Two sporangia are shown inserted on each lamina, and extending almost to th« 
axis. To the outside of each fertile lamina are seen the two downward outgrowths (f^^) of 
the sterile segment next above and the apices (st.^ of that next below (</. Photograph 12). 

8p, a. One sporophjll, showing the three foliaceous sterile segments. Each, of these passes throngh 
the giXK>ve of a fertile lamina, the two lobes of which (/., f,) (bearing sporangia) are seen to 
the right and left of each sterile lamina where it begins to expand. To the outside are seen 
the double apices of the sterile segments next below (H.^) (cf. Photograph 13). 

In the axis the stele, and two verticils of leaf-traces are shown, the inner undivided 
(v.h,i), the outer after division into four bundles each (v.h.^ (cf. Photograph 2). 

2. Radial section. The sporophjlls are separated from one another bj a space which does not exist in 

nature, in order to show their form more clearl j. Each sporophjll (as at 8p.) ia drawn 
OB the assumption (probablj correct) that the upper segments (/.) are fertile, and the 
lower (st,) sterile. 
ph. Base, or phjllopodium, of a sporophjll ; /., one of its peltate fertile segments, on which two 
sporangia are visible; $t., a foliaceous sterile segment (cf. Photographs 9-11). Ax.y axis; 
ry., stele. Note the antero-posterior division of the leaf-trace bundles (v.b.) (cf. Photo- 
graphs 4 and 5). 5.m., sporangia. 
The representation, while strictlj diagrammatic, is in all essentials true to nature, and is drawn 
approximatelj to scale, about four times natural size. 
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DuoRAM OF Cheirostrobus Pettygurensis. 
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diagram, p, 7). With this elaborate system of fertile and sterile laminae, it is 
evident that the exterior of the cone was very eflBciently protected. 

The sterile and fertile segments, as we have seen, are placed alternately one above 
the other, so that in every vertical series there is an equal number of each kind. In 
the transverse plane there is no alternation. At the same level all the segments 
cut medianly are sterile or all fertile (Photographs 12 and 13). It follows from 
these facts that of the six segments of each sporophyll, either the three upper must 
be fertile and the three lower sterile, or vice versd. The question whether the 
upper or lower segments are fertile may seem a simple one to determine, but as 
a matter of fact it has presented great difficulties, and for a long time it was 
not possible to obtain direct and conclusive evidence from the material availabla 
The segments are long and slender and in only one instance could the same segment 
be traced through its whole length from axis to periphery. This was in the case of 
one of the inferior segments of a sporophyll, shown in the approximately radial 
section of the basal part of the cone (see Plate 3, photograph 15, and Plate 5, 
fig. 15a), In this region the sporophylls are comparatively short, and the whole of 
the segment in question is shown, with only one or two fractures of no importance. 
Unfortunately, so near the base of the strobilus the form of the segments is not 
characteristic, so we cannot at once decide the important question, whether this 
inferior segment was fertile or sterile. There is, however, no indication that any 
sporangium was attached to it, so the presumption is that it was sterile, though, if 
this were all, it might be possible to suppose that the sporangial attachments had 
simply been missed by the plane of section. Happily, we are not left to depend on 
negative evidence ; the important point is, that the sporangium immediately below 
the segment in question, is distinctly inserted, at its distal end, on a portion of 
a fertile lamina, which must thus have belonged to the superior segment of the next 
lower sporophyll (see Plate 5, fig. 15 a, a). This evidence is of the greatest value, for 
in all other cases observed the continuity of the segments is interrupted, and the 
displacements are too great for any one of them to be traced in a convincing 
manner. The indirect evidence bearing on the question is comparatively unim- 
portant. There is no constant diflFerence between the petiolules of the sterile and 
fertile segments, such as might enable them to be identified at different parts of 
their course. Where any difference can be recognised the superior petiolules are 
found to be rather the larger (as seen at the proximal end), and the fertile petiolules 
rather the larger (as seen at the distal end). This supports the identification of the 
upper with the fertile segments, but no great stress can be laid on such trifling 
distinctions. 

We shall see below that the evidence from the course of the vascular bundles 
indicates that the inferior segments probably represent the vegetative part of the 
sporophyll, just as is the case in Sphenophyllum Dawsoni.* Analogies, however, 

• Williamson and Scott, ** Partner Observations on the Organization of the Fossil Plants of the Coal 
Measures," Part I., ' Phil. Trans.,' B, 1894, p. 937. 
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might be cited in support of either view ; if we compare our cone with the plant just 
mentioned, we must expect to find the sporangiophores in the superior position ; but 
in Cingularia we find a good example of the opposite ai'rangement. On the whole, 
I think, the evidence, though depending chiefly on a single instance, strongly in 
favour of the conclusion that in each sporophyll the upper segments are fertile and 
tJie lower ones sterile. The mode of overlapping of the laminae also harmonizes best 
with this interpretation. 

Anatomical Structure. 

The Axis. 

The axis of the strobilus is traversed by a central cylinder about 2*4 millims. in 
diameter, of which the wood only is preserved. The structure is dodecarch, the 
smallest elements occurring at the twelve prominent angles, which are separated 
from each other by deep furrows (Photographs 2 and 3). Towards the interior the 
tracheae increase in size, and become more laxly arranged, having no doubt been inter- 
mixed with conjunctive parenchyma, of which little trace has remained. The interior 
of the xylem is not perfect, but enough remains to show that it extended to the 
centre, so that no pith existed (Photograph 3). Longitudinal sections, where they 
pass through one of the projecting angles of the xylem, show the narrow spiral 
tracheae at the periphery, proving the centripetal development of the wood (Plate 4, 
fig. 1).* Advancing inwards from the protoxylem we find the tracheae reticulately 
marked (Fig. 1), and further towards the interior they all show several rows of round 
or elliptical pits, on which, in favourable cases, the border can be detected (Plate 3, 
photograph 17 ; Plate 4, fig. 2). Many of the more internal tracheae are short, with 
horizontal transverse walls, on which a reticulate thickening is evident in transverse 
section (see Figs. 3 and 3a), recalling the well-known structure of Lepidodendron 
selaginoides. The lateral walls of these short tracheides often difier somewhat from 
those of the long ones, having a reticulate rather than a pitted structure. There are 
no appreciable remains of phloem, nor is there, in the axis of the cone itself, any 
trace of secondary tissues, though, as we shall see, such tissues were formed in the 
pedmicle. 

The cortex surrounding the stele has an undulating inner limit, the bays of which 
correspond to the prominent protoxylem-angles (see Photographs 2 and 3). We will 
next follow the course of the leaf-trace bundles, postponing the detailed anatomy of 
the cortical tissues. 

* In this case the most disorganized tracheaB lie a short distance within the extreme edge — ^an 
appearance which recnrs at several points, and which can hardly be explained altogether by deviation 
of the section from the radial plane. It is probable that after the differentiation of the very first pro- 
toxjlem-elements one or two tracheae may have been added to the outside, possibly in connection with 
the insertion of the leaf -trace bundles. In any case the centripetal development of the primary wood, 
as a whole, is not affected. 

VOL. CLXXXIX. — B. C 
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From each of the twelve prominent angles of the stele a single vascular bundle 
passes outwards, having at first only a slight upward inclination^ and bending more 
sharply upwards as it enters the cortex (see Plate 1, photographs 3 (l. t.) and 5 ; 
Plate 4, fig. 4), The insertions of the leaf-traces on the stele form vertical series, 
the xylem angles running without interruption through the nodes (as in Spheno- 
phyllum)^ and not forming a reticulum as in Lepidodenc/ron^ (see Photographs 
4 and 8). The wood thus has the form of a fluted column. This characteristic 
arrangement is obviously con-elated with the superposition of the foliar whorls.t 
The course of the outgoing leaf-trace extends through two inteniodes, or rather 
more, so that the traces of two successive whorls, sometimes with part of a third, 
appear in the same transverse plane. The existing transverse sections of the cone 
are really somewhat oblique, the difference in level of two opposite sides nearly 
equalling the length of an intornode. This is a fortunate circumstance, as it enables 
us to follow the changes which the bundles undergo at every part of their outward 
couree (see Photograph 2). The tangential sections likewise are somewhat inclined 
to the axis, so that in this view also the whole course of the traces is revealed by 
comparing the successive members of the same vertical series (see Photograph 8). 

The single bundle, which is destined to constitute the vascular supply of one 
sporophyll, begins to subdivide when about one-third of the way through the cortex 
(see Plate 1, photograph 2, and Plate 4, fig. 6). The division is into three bundles, 
lying at first in the same tangential plane. Sometimes one of the two lateral 
bundles is given off a little before the other. The median bundle is much the 
largest of the three, for it has to undergo further sub-division. The three bundles 
gradually diverge from one another, and when about half-way through the cortex 
the median one divides again, but in a plane at right angles to that of the first 
division, so that one branch is posterior and the other anterior (see Photographs 2, 5, 
and 8, Plates 1 and 2 ; figs. 7, 8, and 9, Plate 4). 

The posterior or upper branch is here the larger, for it is this which still has 
further divisions before it. Almost at the level where the three anterior bundles 
begin to leave the stem and enter the sporophyll-base, the posterior bundle itself 
subdivides into three, just in the same way as in the first branching (Photograph 2). 
There are thus six bmidles in all — three lower or anterior, and three upper or 
posterior. All six enter the base of the sporophyll, as is shown with the greatest 
clearness in such tangential sections as that represented in Photographs 6 and 7. 
The three anterior bundles pass out into the three inferior segments, and in like 
manner the three superior segments (probably the sporangiophores) are supplied by 
the three posterior bundles. 

* Bebtrand, * Remarqaes sor le Leptdodefidrmk Harcourtii,^ 1891. HoYELiCQUE, * Becherclies sur le 
Lepidodendran selaylnotdes,* 1892. Renault, * Tiges de la Flore Carbonif^re,' 1879, p. 258. 

t Of. Solms-Laubach, * Fossil Botany,' Engl. Ed., p. 348 ; " Bowmanites Rttmeri, eine nene 
Sphenophylleen-Fructification," * Jahrbuch der K. K. Geolog. Reichsanstalt,* 1895, p. 241. 
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Irregularities are seldom observe*! ; in one case (slide K, 84**) only two bundles are 
present after the first division, whei-e there should normally be three. In the trace 
unniediately outside this only two posterior bundles are visible instead of three, so 
it seems that at least two successive leaves had this peculiarity, which, however, 
does not appear in other sections. At the base of the cone, however (Photograph 15, 
Plate 3), there seems to have been only two bundles (and no doubt the same number 
of s^ments) to each lobe. 

Elsewhere the sub-divisions of the leaf-trace take place with diagrammatic 
regularity. 

As regards the details of structure of the leaf-trace bundles there is not much to 
be said. Near the stele the undivided bundles certainly seem to be collateral, for 
the xylem adheres closely to the inner side of the gap, which has presumably been 
left by the decay of the phloSm. A little ftirther out, but before the first sub- 
division, the xylem takes up a more central position, surrounded by thin-walled 
tissue. Probably this tissue was only in part of the nature of phloem, the outer zone 
being parenchymatous (peridesm of Van Tieghem). The distinction can be detected 
in Plate 4, fig. 6, but it is more mai^ked in the base of the sporophyll (Plate 5, 
figs. 10 and 11). The presumption, however, is that the leaf-trace bundles, except 
where still quite close to the central cylinder, had a concentric structure. 

The position of the first-formed tracheae of the bundle is by no means evident, but 
was most probably central (Figs. 9 and 10). Usually, all the trachese are spirally 
thickened, but in the clearer cases the more central are the smaller, and in the 
longitudinal section just referred to a lax spiral is seen in the middle of the xylem 
strand. 

I find no difierence in orientation or structure between the bundles of the upper 
and lower lobes, a point to which special attention has been directed. It will be 
]ioticed that it is only aft^er all the three bundles for the inferior segments have 
separated that those for the superior segments are given off. It is this fact which 
appears to indicate that the lower segments represent the main part of the leaf, just 
as is the case in the strobilus of Sphenophyllum Dawsoni. 

The structure of the cortex '.>f the axis is fairly uniform throughout, consisting of 
slightly elongated, rather thick- walled cells, becoming smaller towards the outside. 
As seen in transverse section, the cortex appears marked out into areas, each 
enclosing a bundle, or a group of bundles, belonging to the same leaf-trace (see 
Photograph 2). The cells forming the boundaries of these areas are slightly 
compressed. 

The most characteristic point in the structure of the cortex is the presence of 
large elements, with dense brown or black contents (see Fig. 4, ss.). In longitudinal 
sections we see that they are long sacs, with pointed ends, and are sharply 

* [The nnmbers referring to slides in Mr. Eidston's collection are preceded by the letter K ; those 
referring to my own collection, by the letter S. — Sept. 24, 1897.] 
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distinguished froia the ordinary paienchyma. We may provisionally regard these 
elements as of the nature of secretory sacs (Fig. 5, ss,). They are most conspicuous in 
the inner coitical layers. On the exterior the cortex is bounded by a well-defined 
small -celled epidermis (Fig. 7, ep.). 

The Sporophylh. 

The bases of the sporophylls consist of tissue quite like that of the cortex of the 
axis (Photographs 5 and 7). The six vascular bundles in each base are well shown, 
especially those running to the upper segments (see Plate 2, photograph 7 ; Plate 5, 
fig. 10). In each bundle the xylem, which has its smallest elements towards the centre, 
is surrounded by a very delicate small-celled tissue, which was no doubt the phloem.* 
This again is enclosed in a large mass of thin-walled parenchymatous cells. Here, 
as in the axis, the bundle appears to be concentric, but lies towards the upper surface 
of the parenchymatous envelope. 

The bundles belonging to the lower segments are similar, but in the few cases 
where their structure can be made out at all clearly, the xylem-group seems to be 
rather smaller, and the phloem less well-defined (see Fig. 11). No great stress can 
be laid on such differences, but so far as they go they support the conclusion that the 
upper segments most probably supplied the sporangia, which would make a much 
greater demand on their conducting tissues than would the barren laminae of the 
other segments. The tissue of the sporophyll-base is abundantly supplied with 
^* secretory sacs," especially around the vascular bundles. 

Nothing need be said as to the anatomy of the petiolules of the segments. Owing 
to the growth of the sporangia packed between them, they are all more or less 
compressed, and little structure can be made out. Here and there the vascular 
bundle running through each petiolule can be traced. 

The laminae, however, are well preserved, and present some characteristic features. 
We will take the fertile laminae first. 

When the petiolule begins to widen out into the lamina, its vascular bundle at 
once bifurcates into two diverging branches, lying in the same radial plane (see 
Plate 5, fig. 12, vh.). Each branch of the bundle again divides, and the four ultimate 
vascular strands curve sharply back, each running to the base of a sporangium (see 
Fig. 12, vV.y The whole arrangement is closely similar to that in a Calamostaohys^ 
or a PalcBostachya. 

In Cheirostrohus each sporangium is seated on a short but definite stalk, which 
ensheaths its base. Hence, when the stalk is cut tangentially, it appears longer than 

* The stmctnre of the yaucular bundles is not unlike that of the foliar bundles in some species of 
Selagimlla, See Haryet Gibson, " Anatomy of the Oenns Selaginella" Part 3, ' Annals of Botany/ 
vol. 11, 1897, Plate 9. 

t Williamson and Scott, <* Further Observations," Part I., plate 81, figs. 29 and 32 ; also Williamson, 
" OrgaPization," Part XI., pi. 64, fi^. 23, and Part XV., plate 2, fi^. 8. 
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when the section passes through its median plane (see Plate 2, photographs 9 and 10 ; 
Plate 5, fig. 12). It is not easy to fix the limit between the sporangium and its stalk, 
for the characteristic sporangial wall runs up for a little way over the tissue of the stalk, 
especially on the side towards the petiolule of the sporangiophore (Fig, 12). There is a 
considerable resemblance to the mode of attachment of the sporangium in Spheno- 
phyllum Dawsoni and in Bowmanites Romeri.* 

The parenchyma of the sporangial stalk is very delicate ; that of the peltate lamina 
itself is formed of large cells, with thicker walls, interspersed with secretory sacs 
(Photographs 9-12, fig. 12). Some of the elements have the look of stone-cells, but 
this appearance is probably due to a peculiar alteration in the cell-contents of some of 
the sacs. 

The resemblances between the fertile lamina in Cheirostrohus and the peltate scale of 
a Caktmostachys are too great to be ignored. In the former the lamina is rather 
thicker, and the peltate shape less neat ; possibly we have here a somewhat more 
primitive form of the peltate sporangiophore. 

The vascular bundle of the sterile, like that of the fertile segment, bifurcates at 
the base of the lamina, but here the two branches lie in the same transverse plane 
(Photograph 13). They pass out into the two upturned prolongations, in which they 
can be recognised both in radial and transverse sections. On the other hand, the 
blunt, downwardly-directed outgrowths appear to contain no vascular tissue ; they 
consist of rather large-celled parenchyma, with secretory sacs (Photograph 11). The 
tissue of the main part of the sterile lamina is similar to that of the fertile segment. 
The upward prolongations contain fibrous sclerenchyma outside the bundle, and 
towards the apex the fibrous tissue constitutes almost the whole of the organ. 

The Sporangia and Spores. 

The structure of the sporangia, in spite of their great size, is exceedingly simple. 
The wall, as preserved, consists of a single layer of cells, except at the point of 
insertion, where as already pointed out, the stalk passes gradually over into the 
sporangium. The absolute thickness of the wall is about '025 millim., and is fairly 
constant m all parts. The constituent cells of the wall are much elongated in the 
direction of the long axis of the sporangium. Their cell walls are excessively delicate, 
but are stiffened by buttresses which stand out from the radial walls at right angles, 
and extend throughout the whole height of the cell, becoming broader towards its 
inner surface. The buttresses on either side of the same radial wall are usually 
opposite each other, but sometimes alternate (see Fig. 13). It will be seen that this 
characteristic structure is precisely the same as that of the sporangial wall of a 

• WniLUiisOK, " Organization," Part XVIII., plate 27, fig. 16 ; Willumson and Scott, " Farther 
Obaervations," Part I., plate 86, fig. 58; .So^ms-Laubich, ** Boufmamtei Bomeri/* plate X., fig. 5. 
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Calamostachys. The agreement is especially dose with C. Ludwigi, Cabb^ where 
the cells of the wall have the same elongated form as in Cheirostrohus.* 

There is also a close resemblance to the sporangial wail of SpheiiophyUum Dawsofiu 
Taken in connection with the whole organization of the sporangiophores, these 
detailed resemblances to Calamariese and SphenophyllesB seem to me to have an 
important bearing on the affinities of our fossil. The massive base on which each 
sporangium is borne, appears to indicate that its development must have been of the 
** eusporangiate " type, i.e., that a number of initial cells took part in its formation* 

The weak mechanical construction of such large sporangia (fer larger than any 
known to us among recent Cryptogams) may seem surprising, but was no doubt 
compensated for by the way in which the sporangia are densely packed, so as to 
support each other, the whole mass being held t,ogether by the investiture of the 
peripheral laminae. 

If we confine our attention to the sporangiophores and sporangia, it may be said 
with confidence that there is no essential difference, so far as these organs are 
concerned, between Cheirostrohus and a Calamarian fructification of the Cahx' 
mostachys type. Taking the position of the sporangiophores into account there is a 
still more striking analogy with PolcBOstachya. 

The spores are of uniform size and structure in all parts of the specimen, including 
the sporangia at the base of the cone (compare Fig. 14 with Fig. 15b). This specimen 
therefore affoixis no evidence of heterospory. The average diameter of the spores, 
determined by a large number of measurements, is '065 millim. The variations on 
either side of the mean are inconsiderable, and were no doubt even less in life than 
they appear in the necessarily somewhat distorted spores of the fossil. 

The spores are approximately spherical in form ; the membrane generally is thin, 
but marked by conspicuous thickened ridges, dividing up its surface into four areas. 
The ridges in all probability correspond to the lines of junction of the four spores of a 
tetrad ; three of the areas would thus have been occupied by the three sister-cells, 
the fourth being firee. The arrangement of the spores would thus appear to have 
been tetrahedral, but they have not been found actually united in tetrads (see Plate 3, 
photograph 16 ; Plate 5, figs. 14 and 15b). No remains of any cellular body within 
the spore, nor indeed of any cell-contents, could be detected. 

In the less well-preserved parts of the specimen the thin membrane of the spores 
has to a great extent perished, leaving little more than the thickened ridges, which 
are often partly straightened out. and grouped so as to form an iiregular mesh work ; 
the appearance presented in these cases is very different from that of the uninjured 
spores (see Fig. 12). 

As regards the dimensions of the spores, they are much larger than the microspores 

* 0. E. Weiss, '' SteinkoUen-Oalamarien," II., ia * Abhandlungen z, Gleologischen Speoialkarte v. 
Prenssen/ vol. 5, Heft II., 1884, Plate 23, fig. 2, and plate 24, figs. 8, 4, and 5 ; Wn^LUHSON and Scott, 
<• Further Ob8ervation3," part 1., 1895, p. 909, plate 81, fig^ 31. 
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of most Lepidostrobiy though not much exoeedmg those of L. Brovmiiy and are nearly 
as large as those of Calamostachys Casheana. They are somewhat smaller than the 
spores of the homosporous C. Binneyana and than those of Sphenophyllum Dawsoni. 

The Peduncle. 

The peduncle on which the cone was supported remains to be described. The 
description will be based in the first instance on the specimen in the Willl^mson 
collection, and the evidence for the identification of this specimen with Cheirostrobus 
will then be stated. A good description of the general structure of iiis frag- 
ment was given by WiLriAMSDN in 1872, but he was under the mistaken impression 
that it might belong to the Burntisland Lepidostrohus. * 

The diameter of the specimen is about 7 millims. which agrees with that of the axis 
of the cone. It is traversed by a polyarch stele about 2 millims. in diameter (Plate 3, 
photograph 18 ; Plate 6, figs. 18 and 20). The number of prominent xylem-angles 
varies from twelve to nine in the different transverse sections. When the number is 
lees than twelve we find that one. or more of the angles are blunt, and sometimes 
evidently double, representing a fusion of two prominences (Fig. 20). The interior of 
the stele is solid, and occupied by intermixed thick-walled and thin-walled elements ; 
the longitudinal sections show that the former are tracheae, the latter conjunctive 
parenchyma (Figs. 22 and 23), There is thus no medulla, the wood extending to 
the centre. 

A well-marked zone of secondary tissue is present, the thickness of which vanes, 
both in the different sections and in different parts of the same section (sec Photo- 
graph 18 ; figs» 20 and 21). In the section with twelve xylem-angles (Cabinet 
Number 539) the maximum thickness of the secondary wood is six elements ; while in 
the sections with nine or ten angles it has attained in places to a thickness of ten 
trachese. It is probable that the number of angles increased, and the thickness of 
the secondary wood diminished, from below upwards ; for we know that in the axis of 
the cone itself (judging from our solitary specimen) the stele was dodecarch, and 
without any secondary formations. 

In all the sections the secondary zone is more or less incomplete, extending round 
the greater part, but not quite the whole, of the periphery of the stele. It is not 
limited to the furrows, but extends also round the angles of the primary wood 
(Fig. 20), though sometimes with a diminished thickness at these points. 

In the primary xylem the smallest elements are placed at the prominent angles. 
Sometimes where an angle is very obtuse, two distinct groups of small tracheae 
are present, showing that the angle in this case is really a double one. Radial 
sections show that the small peripheral elements are spiral trachesB (Fig. 22), and thus 

• WiLLiiMSOW, " Organization," Part III., p. 297. See Preliminary Paper on OheirostrohuSf * Proc. 
Boy. Soc,' vol. 60, p. 418. 
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represent the protoxylem. Here, as in the axis of the cone, there is some reason to 
doubt whether diflFerentiation of the xylem began absolutely at the exterior, for 
sometimes the smallest elements are bounded externally by one or two slightly larger 
ones, which seem still to belong to the primary wood* In any case the differentiation 
must have been almost wholly centripetal 

The tracheae of the interior of the stele are not scalariform, but bear several rows 
of rounded or polygonal pits, which, as shown in the clearer cases, are distinctly 
bordered (Figs. 22 and 23). At some places the tapering ends of the tracheides are 
seen. Some of the more central tracheides are square-ended, but not so conmionly 
as in the axis of the cone. The parenchymatous cells intermixed with the tracheae 
are sometimes well preserved. Some of these elements are filled with dark brown 
contents, and may have been of a secretory nature. 

The secondary wood is at once distinguished from the primary by the regular radial 
seriation of its elements ; between the series of tracheae distinct medullary rays are 
present (Fig. 21). The true secondary wood is not shown really well in any longi- 
tudinal section ; so far as can be made out the pits on the radial walls of its elements 
are transversely elongated, so that there is here an- approach to scalariform structure 
(Fig. 22, x.% 

At some places remains of the cambium can be detected at the exterior of the 
secondary wood (Fig. 21, cb.). Beyond this we find in the fiirrows of the stele, 
groups of large thin-walled elements, recalling those in the phloem of Sphenophyllum 
insigne^ (Fig. 21, ph,). Longitudinal sections show that these elements were 
elongated, but no further details can be made out. There is, however, no reason 
to doubt that they represent a portion of the phloem of the stele. There is a wide 
gap between stele and cortex, from which the remainder of the phloSm and anything 
there may have been of the nature of pericycle has perished. The width of the gap, 
however, appears to be partly due to shrinkage of the stele, the tissues of which 
show some signs of shrivelling. 

The inner limit of the cortex is undulating, the bays corresponding to the angles 
of the stele, as in the axis of the cone. 

The structure of the cortex is fairly uniform throughout its thickness, without any 
differentiation into distinct zones. It consists of short-celled parenchyma, in which 
large elongated elements, containing masses of dark carbonaceous substance, are 
scattered. In these respects there is a complete agreement with the structure of the 
axis of the cone. 

We now come to an important point, — ^the course of the leaf-trace bundles.t 

In the peduncle the leaf-trace bundles are not so well preserved as in the cone 
Sometimes we at first only recognise them by gaps in the tissues, but careful observa- 

• WiLLUMSON and Scott, ** Farther Observations," Part 1, Plate 84, figs. 51 and 62. 
t Of. Williamson, " Organization," Part 3, Plate 44, ^g. 30, with photogp*aphs 4 and 5. 
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tion, as a rule, reveals the presence of tracheae within or adjacent to these cavities 
(see Plate 3, photograph 18 ; Plate 6, figs. 26 and 27). 

In some of the transverse sections (especially C.N. 540) we see the vascular 
bundles just leaving the stele, and here it is evident that a single strand starts from 
each angle, except when the angle is really a double one, in which case there are two 
outgoing strands. Very soon after entering the cortex, however, the outgoing leaf- 
trace divides ; the division, where clearly shown, is triple, the three resulting bundles 
lying in the same tangential plane. The evidence, however, is not sufficient to prove 
that this triple division was constant. Probably it was fairly so, for at one place 
three triple bundles of the same whorl are seen side by side (C.N. 539). 

From the comparison of the radial sections it is evident that an antero-posterior 
division of the trace also took place* (C.N. 543). The transverse sections rarely 
show this division, but in one place (Plate 5, fig. 17) it is quite clear. The group of 
bundles corresponds almost exactly to that shown from the axis of the cone in 
Plate 4, fig. 7. We see the three strands resulting from the first division, and the 
middle one of the three has just divided agfiin to form an anterior and a posterior 
branch. So far, then, the course of the bundles in the Williamson specimen appears 
to agree exactly with that found in the axis of Cheirostrohus. 

The bases of leaves or bracts are present, and the radial sections show that each of 
these appendages is bilobed, one lobe being superior or ventral, and the other inferior 
or dorsal (see Plate 6, figs. 24 and 25 ; also Williamson's fig. 30 above cited). The 
lobes were, no doubt, each sub-divided into segments in the horizontal plane (see 
Photograph 18, figs. 26 and 27 ; also Williamson's fig. 29), but only the stumps 
of these segments remain. The lower lobe appears to have been the broader, for at 
several places in the radial sections it is shown in its full extent, where the upper 
lobe is either missed altogether, or only partially shown (Figs. 24 and 25). The 
lower lobe was often, perhaps always, trifid, receiving the three anterior branches of 
the leaf-trace ; the upper lobe appears to have been more frequently bifid, receiving 
two bundles only (see Photograph 18, and fig. 9), but sometimes this also received 
three bundles, as shown in Fig. 27. That this is really an upper lobe is shown by 
the fact that its bundles do not separate until quite near the periphery^ 

Owing to the paucity of the sections of the peduncle^ and their frequent obscurity, 
it has not been possible to work out the course of the bundles with the same minute- 
ness and certainty as in the axis of the cone. Enough, however, is shown to prove 
that their course and subdivisions follow the same general rules as in the axis, with 

• Indicated in Willum son's 6gnre, "Organization," Part 3, Plate 44, fig. 30. 

^\ There are seven sections altogether, all in the Williamson collection. Four of these (C.N. 539-642) 
are transverse ; two (C.N. 643 and 544) are approximately radial ; and one (C.N. 545) tangential. The 
last mentioned is too obscnre to throw mnch light on the conrse of the bundles ; where it passes 
obliquely through the bases of the leaves, however, it shows that at least two bundles entered eacb lobe, 
perhaps three (see fig. 19). 
VOL. LXXXIX, — B. D 
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the exception that one of the lobes (probably the upper) usually received two bundles 
instead of three. 

The phyllotaxis of the specimen is not perfectly clear, but the arrangement of the 
leaf-bases, and more especially of the outgoing leaf-trace-bundles, as shown in the 
tangential section (Fig. 19), is strongly suggestive of superposed verticils* As we 
know that the number of orthostichies changed between one end of the fragment and 
the other, we cannot expect great regularity. The transveree sections are slightly 
oblique ; allowing for this, the arrangement of the bundles and leaf-bases which they 
show is just what would result from a whorled phyllotaxis, and cannot be reconciled 
with any spiral system (see Fig. 19). That the whorls were superposed is further 
indicated by the fact that, in transverse sections, a protoxyl em-angle, a leaf-trace, 
and a leaf all lie in the same radial line, where the arrangement is clearly shown. 

We will now sum up the points of agreement between the peduncle and the axis of 
the cone. The chief points are as follows : — 

1. The polyarch stele with prominent angles, at which the protoxylem is situated. 
In one section of the peduncle the actual number of angles (12) is identical with that 
in the cone. 

2. The internal structure of the stele ; the conjunctive tissue intermixed with 
tracheides ; the multiseriate bordered pits on the tracheal walls. 

3. The structure of the cortex, consisting of a uniform parenchyma, containing 
secretory (?) sacs. 

4. The course of the leaf-trace bundles ; the first division into three ; the antero- 
posterior division of the middle bundle ; the subdivision of its posterior branch. 

5. The division of the leaf-base into a superior or ventral, and an inferior or dorsal 
lobe, the former receiving the posterior and the latter the anterior set of bundles 

Jj resulting from the division of the trace. 

^ 6. The subdivision of each lobe into segments. 

1 I 7. The arrangement of the appendages in superposed whorls. 

The agreement is thus so close, and extends to so many points, as to leave no 
doubt that the Williamson fragment and the actual cone belonged to the same 
species, especially if we take into consideration their identical dimensions, and the 
fact that they occur in the same deposit. 

In all probability the fragment is the peduncle of a cone. This is suggested by the 
exactness of the agreement in many points ot structure and in dimensions, and espe- 
cially by the fact that the leaf-bases of the fragment are so closely similar to the 
sporophyll-bases of the cone. Most probably they were bracts, or sterile sporophylls, 
rather than vegetative leaves. 

An important fact remains which disposes of the only considerable difference in 
structure between the two specimens, and also raises the probability that the 
WiLiJAMSON fragment is a peduncle almost to a certainty. 

The section through the base of the cone (Plate 3, photograph 15) shows the upper 
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.part of the peduncle in connection with it. The wood of this part is shown in 
tangential section, and is evidently secondary wood, the plane of section missing the 
primary part. The tracheides agree in size and structure with those of the secondary 
wood in the Williamson specimen, while the more central primary tracheides are 
much larger both in peduncle and axis. The medullary rays are exceedingly evident, 
and can at once be distinguished from the primary conjunctive parenchyma shown in 
other sections (see Plate 5, fig. 16). Where the fertile sporophylls begin the 
secondary wood dies out, but the exact level at which it disappears cannot be deter- 
mined, as the plane of section here passes outside the wood (Plate 3, photograph 18). 
In some cases the secondary tracheides show a delicate pitting on their tangential 
walls (Fig. 16, b). We thui^ see that the peduncle of the actual cone agrees in every 
respect, including secondary growth, with the Williamson fragment. 

So far as can be judged, the secondary zone of the peduncle in connection with 
the cone is decidedly thicker than in the Williamson peduncle, so they cannot both 
have belonged to the same specimen. There is therefore a possibility that the strobilus 
belonging to the separate peduncle may still be found in the Pettycur material 

In the same preparation which shows the base of the cone there is contained an 
approximately radial section of what appears to be a branching stem. The secondary 
wood is well shown, and its histological structure agrees closely with that of the 
peduncle of Cheirostrolms, though in the doubtful fragment its development is much 
.greater. The parenchymatous tissues are partly preserved, and contain structures 
much like the " secretory sacs " of our fossil. I think it not improbable that we 
have here a fragment of the vegetative organs of the plant to which the new 
cone belonged, but the specimen is in many respects obscure, and unless it should 
be possible to obtain additional preparations, no conclusion of value can be drawn 
from it. 

Summary. 

1. Cheirostrobus Pettycurcnsis was a pedunculate cone of large size, consisting of an 

axis bearing numerous crowded verticils of compound sporophylls. 

2. The sporophylls of successive verticils are superposed ; the number in each 

verticil is twelve. 

3. Each sporophyll is divided nearly to its base, into an upper (ventral or posterior) 

and a lower (dorsal or anterior) lobe; each lobe is deeply sub-divided in 
a palmate manner into segments, of which, as a rule, there are three to each 
lobe. In the sporophylls at the base of the cone, and in the bracts of the 
peduncle the number of segments is sometimes reduced. 

4. Each segment consists of a long and slender horizontal stalk or petiolule bearing 

a lamina at its distal end. 
5« Of the s^ments of each sporophyll half are fertile and half sterile. Most 

D 2 
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probably it is the three upper segments in each case which are fertile, 
and the three lower which are sterile. 
C. The lamina of a fertile segment or sporangiophore is thick and peltate, and bears 
the sporangia on its adaxial surface, as in Ccdamostachys or Equisetum. 

7. The sporangia are of great length, extending back nearly or quite to the axis. 

Each sporangiophore bears as a rule four sporangia, and consequently there 
are usually twelve sporangia in all to each sporophyll. 

8. The structure of the sporangial wall is identical with that of a Calamostachys 

or of Sphenophyllum Dawsoni. 

9. The spores are uniform in size and structure in all parts of the specimen, 

including the sporangia at the base of the cone. Their average diameter is 
•065 millim. 

10. The laminae of the sterile segments overlap those of the sporangiophores. ITie 

sterile lamina is of complex form, having two long upturned apices, and 
two shorter downward prolongations. 

11. The petiolules and sporangia are closely packed together, and the surface of the 

cone completely invested by the fertile and sterile laminae. 

12. Axis and peduncle are traversed by a polyarch stele, with solid, centripetal 

primary wood. In the axis the number of xylem-angles is twelve, gradually 
sinking to nine in the peduncle. 

13. A single leaf- trace bundle leaves each angle of the stele for each sporophylL 

The leaf-trace subdivides in both planes on its way through the cortex, to 
supply the ventral and dorsal segments of the sporophyll. 

14. In the peduncle, as distinguished from the axis, secondary tissues were formed by 

a normal cambium. 

It may be well to repeat here the provisional generic and specific characters as 
given in the preliminary paper. 

CheirostrohuSj gen. nov. 

Cone consisting of a cylindrical axis, bearing numerous compound sporophylls, 
arranged in crowded many-membered verticila 

Sporophylls of successive verticils superposed. 

Each sporophyll divided, nearly to its base, into an inferior and a superior lobe ; 
lobes palmately subdivided into long segments, of which some (probably the inferior) 
are sterile, and otiiers (probably the superior) fertile, each segment consisting of an 
elongated stalk bearing a terminal lamina. 

Laminae of sterile segments foHaceous ; those of fertile segments (or sporangio- 
phores) peltate. 

Sporangia, large, attached by their ends remote from the axis to the peltate 
laminae of the sporangiophores. 
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Sporangia on each sporangiophore, usually four. 
Spores very numerous in each sporangium. 
Wood of axis polyarch. 

C/ Petty cur ensisy sp. no v. 

Cone, 3-4 centims. in diameter, seated on a distinct peduncle. Sporophylls, twelve 
in each verticil. 

Each sporophyll usually sexpartite, three segments belon^ng to the inferior, and 
three to the superior lobe. 

Sporangia densely crowded. 

Spores about '065 millim. in diameter. 

Horizon : Calciferous Sandstone Series. 

Locality : Pettycur, near Burntisland, Scotland. Found by Mr. James Bennie, of 
Edinburgh. 

Affinities of Cheiroetrobus. 

The cone which has been described is an isolated specimen ; apart from the 
peduncle, and the doubtful fragment of stem referred to on p. 19, we have not the 
slightest clue, as yet, to the nature of the vegetative organs of the plant which bore 
it. The one part which we possess, however — the fructification — is happily the most 
importent from a taxonomic point of view ; so, considering the perfection of its 
preservation, we may profitably enter on a discussion of the probable affinities of the 
fossih 

The 6rst question which presents itself is this : was Cheirostrohus a Cryptogam or 
a Phanerogam? The latter alternative is not one to be rejected off-hand; the 
fructification might quite conceivably have been the male cone of a Gymnosperm. 
The remarkable morphology of the sporophylls, in fact, at once suggests a comparison 
with certain Coniferous strobili. The superior and inferior lobes of the sporophyll, 
especially if, as is almost certainly the case, the upper segments be the sporangio- 
phores, may well bo compared to the ovuliferous and carpellary scales of the 
A^bietinesB. It is true that this would be to compare a male with a female strobilus ; 
but it might be theoretically possible to suppose that an organization now limited to 
flowers of one sex might in early geological times have extended to those of the 
other also. 

It is not, however, probable that this comparison amounts to anything more than a 
remote analogy. We can hardly compare an early Palaeozoic fossil directly with a 
group, which, so far as we know, only makes its appearance well on in the Secondary 
period. The Gymnosperms known to us from the older rocks ofier no definite points 
of analogy with Cheirostrohus.* 

* Renault's fignre of the male cone of Oordatanthui Fenjoni^ shown in longitudinal section (' Tiges 
de la Flore Carbonif^re,' 1879, pi. 16, fig. 13), suggests at first sight a certain anal(^ with OheirostrobuSy 
but the resemblance is probably merely a superficial one. 
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The anatx)mical structure appears to negative the idea of Gymnospermous affinities. 
The polyarch centripetal wood is essentially a Lycopodiaceous character, and we have 
at present no evidence for the occun^ence of this type of structure in any Gymno- 
sperra, whether recent or fossil. It seems, therefore, that the alternative of 
Phanerogamic affinities must be eliminated, from want of evidence, and that the 
allies of Cheirostrohus must be sought among Vascular Cryptogams. 

Cheirostrobus is a highly organized strobiius, more complex, perhaps, than that of 
any other Pteridophyte known to us, whether recent or fossil. We should therefore 
naturally look for its affinities among the strobiloid groups of Cryptogams, a limitation 
which would appear to exclude the Filicineae from our consideration. It is not certain, 
however, that the possibility of Fern-relationship can be thus summarily dismissed 
If we are justified in the belief that Filicineae gave rise to Gymnosperms of the 
Cycadean type,* we must assume that at some stage or other, certain families of the 
Fern phylum acquired a cone-like fructification. In the female flower of Cycas we 
have still, perhaps, a reminiscence of such a transition. In the Pettycur deposit we 
have found in Heterangium Grievii, a plant which, according to its vegetative 
structure, shows a divergence from a Fem-type in a Cycadean direction. The idea 
crossed my mind whether there might not be something in common between Cheiro^ 
strohus and Heterangium. Certain points in the structure of the wood and cortex 
even seemed to suggest such a comparison, and the very complex form of the sporo- 
phylls in our cone was rather favoiurable to the idea of Fern-affinities. Such an 
hypothesis, however, had to be rejected almost as soon as formed ; in particular, the 
superposed verticils of Cheirostrohus appeared fatal to it, and generally the sum of 
characters pointed too decidedly in other directions. 

Clieirostrobus combines in a striking manner the characters of three of the main 
divisions of Pteridophytes : the Equisetineee, the Lycopodineee, and the Sphenophylleae. 
With the Equisetineae (taking the group in the wide sense, as co-extensive with the 
CaJamariese of Weiss) there is the closest agreement in the organization of the sporan- 
giophores and sporangia. The resemblance of the fertile segments of Cheirostrobus 
to the peltate scales of a CcUamostachys or PalcBostachya is most striking, extend- 
ing even to such details as the distribution of the vascular bundles in the lamina, t 

So, too, with the sporangia; in number, mode of attachment, and histological 
structure, they are absolutely identical with those of Calamostachys^ and even their 
gi'eatly elongated form can be pamlleled from plants of that group.J 

• Sec Williamson and Scott, * Further Observations,' Part III., p. 769. D. H. Scott, * Address to 
Botanical Section of Brit. Association,' 1896, p. 16 ; also Wabmino, ' Systematic Botany,' Engl. £d., 
p. 252 ; Solms-Laubach, * Bot. Zeitung,' 1893, p. 207. [The discovery by Ikbno and Hibasi, of the 
malticiliate spermatozoids of Cycas and Ginkgo strikingly confirms this conclusion. June 25, 1897.] 

t Compare especially Willllmson, 'Organisation,' Part XV., pi. 2, fig. 8; Renault, *Ann. des ScL 
Nat.,' ser. 6, vol. 3, pi. 2, fig. 5, with our photographs 9-12, and fig. 12. 

X As in Ccdamodendrostachys ZeiUeri^ Renault, * Flore fossile d' Autun et d'Epinac,' Part II., Plate 60, 
figs. 8-8. 
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These points of agreement are far too numerous and exact to be passed over, and 
cannot readily be explained otherwise than by real affinity. 

The resemblances to Lycopodinese are limited to the anatomy, but, so far as they 
go, are striking enough. The general structure of the polyarch stele with centripetal 
wood is suggestive of a Lepidodendron^ though the agreement does not extend to 
details. The principal differences consist in the straight vertical course of the 
protoxylem-angles, which do not form a network as in LepidodeTidron, and in the 
pitted, as distinguished from scalariform tracheae.* The anatomy of the central 
cylinder is, at any rate, sufficient to prove that we have not to do simply with a 
Calamarian cone. 

It is with the SphenophylleaB that the points of agreement are most numerous. 
They were briefly enumerated in the preliminary paper,t but it is necessary to 
recapitulate them somewhat more fiilly : — 

1. The arrangement of the appendages in superposed verticils is a striking point 
of resemblance to Sphenophyllum, in which genus the fact of superposition is well 
established for the vegetative region, and indeed appears to be necessarily correlated 
with the anatomical structure.J Whether the superposition extended to the bracts 
of the strobilus in Sphetwphyllum is somewhat doubtful. Count Solms-Laubach 
finds that this was the case in his Bovmianites Rdinet^^ and thinks it may also have 
been so in the other fructifications of the family.§ The fact that the number of 
members in a whorl is a multiple of three (12 in the cone, diminishing to 9 in the 
peduncle) also recalls Sphenophyllum, though in Cheirostrohus these numbers do not 
bear the same relation to the anatomical structure as in that genus. 

2. The palmatifid segmentation of the foliar appendages is a point in common with 
many species of Sphenophyllum, where every degree of sucli segmentation is found 
in many species, e.gr., S. tenerrimum, S. cuneifolium. 

3. The sub-division of the sporophyll into inferior and superior lobes, which are 
respectively sterile and fertile. As shown above, all the indications point to the 
superior segments being the fertile ones, though this could only be proved directly in 
a single case. Assuming that this is so, we have a remarkable agreement between 
Cheirostrohus and Sphenophyllum Dawsoni, or cuneifolium, in which the sporangio- 
phores have the position of superior or ventral lobes of the bracts — a view of their 
nature which was taken by M. Zeiller ;|| the comparison may, of course, be extended 

* The very prominent angles of the primary wood, giving it a stellate transverse section, are not 
usnallj 80 marked in the Lepidodendrece^ but can be paralleled in the axis of Lepidostrohus BrowniL 
See BowKB, • Annals of Botany,' vol. 7, 1893, Plate 16, fig 8a. 

t Loe, eit, p. 423. 

X Solms-Laubach, 'Fossil Botany,' Eng. Edit., p. 348; Zbiller, 'Etade sar la constitntion de 
Tappareil fraciificatenr des Sphenophyllum,' M^m. de la Soc. Geol. de France : ' Pal^ntologie,' 
Mem. 11 ; Renault, *Coars de Bot. Fossile,' vol. 4 p. 29, 1885. 
• § ' Bowmanites Bromeri, eine nene Sphenophylleen-Fmctification,' p. 242. 

II Loc. cU., p. 87. 
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to Bowmanites Romeri of Count Solms-Laubaoh. In Cheirostrobus the sterile and 
fertile segments are on so equal a footing that there can scarcely be a doubt as to the 
foliolar nature of the sporangiophores, and this, if our view of their position be 
con-ect, tends strongly to confirm M. Zeiller's interpretation in the case of 
Sphenophyllum. If, on the other hand, the evidence had pointed to the lower 
segments of the sporophyll in Cheirostrohus being the sporangiophores, we 
should then have had an analogy with Cingularia, a comparison which occurred 
to several botanists to whom I communicated my fii*st observationa In Cinr- 
gulamay according to the researches of Weiss, each whorl of sporangiophores 
is placed immediately below a whorl of sterile bracts, and in close contact with them. 
CingulaHa agrees with our cone in having the members of the verticils superposed ; 
in other respects, however, it is very different, notably in the form of the 
sporangiophores, which are not peltate, but strap-shaped, bearing the sporangia on 
their lower surface. I do not think it necessary to pursue the comparison further, 
until there is some better evidence for the relationship of this fossil to our cone» 
The affinities of Cingularia itself are likely to remain dubious, unless specimens 
with structure preserved should be found.* 

4. The sporangiophores themselves, with the sporangia attached to a laminar 
enlargement at the distal end, are quite comparable to those of Bowmanites Bomeri^ 
SoLMS, in which each sporangiophore bears two sporangia, t The latter species, so 
far as this character is concerned, holds an intermediate position between Spheno- 
phyllum Dawsoni and Cheirostrohus, which, in its turn, connects B. Romeri with 
PcdcBOStachya and Calam^stachys. 

5. In the structure of the sporangia the agreement with Sphenophylleae, and 
especially with Sphenophyllum Dawsoni, is as marked as with the Calamarian fruc- 
tification. J 

6. The course of the leaf-trace bundles, their insertion 6n the prominent angles of 
the primary wood, and their repeated subdivision within the cortex, to supply the 
lobes and segments of the foliar organs, are strongly suggestive of Sphenophyllum. 
It was this character more than any other which led to the hypothesis of an affinity 
with Sphenophyllum, at a time when the peduncle only of Cheirostrobv-s was known 

|| to me.§ As regards the branching of the leaf-trace in one plane, S. quadrifdum and 

S. Stephanense, investigated by M. Renault, may be cited for comparison, || whUe 
for the antero-posterior division we have a good analogy in the bundles supplying 
the bracts and sporangiophores of S. Dawsoni.^ 

• Weiss, * Steinkohlen-Calamarien,' Heft 1, 1876, pp. 88-102, Plates 6-9 ; Solms-Ljiubach, ' Fossil 
Botany,' p. 334. 
t Of. SoLMS, Boiomanites Bomeriy Plate 10, figs. 4 and 6. 
X Of, SoLMS, he, cit.f p. 237. 
§ ' Brit. Assoc. Report,' 1896, p. 1024. 

II ' Ann. des Sei. Nat., Bot.,' series 6, vol. 4, Plate 7 ; * Cours de Bot. Fossile,' vol. 2, Plates 14 and 15. 
% Williamson and Scott, ' Further Observations,* Part 1, p. 937, Plate 85, figs. 55 and 56. 
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7. The details of the structure of the vascular cylinder oflfer various points of 
resemblance to Sphenophyllum. The polyarch character is a difference, but not an 
insurmountable one. In some species of Sphenophyllum, e,g., S. plurifoliatum and 
S. insigney the stele is simply triarch ; in others, as S. Dawsoni and the French forms, 
it appears to be hexarch. In Cheirostrobus we have the numbers 9 and 12. The 
vertical course of the xylem-angles agrees with Splienophyllam leather than with 
Lepidodendreae ; of the distribution of the secondary tissues in the peduncle the same 
may be said ; the pitted tracheae are quite similar to those of most species of 
Splienophyllum of which the anatomy is known, though they differ from those of the 
contemporary S. insigne. In a word, the anatomy of the axis and peduncle is 
essentially that of a polyarch Sphenophyllum. 

Taking all the characters collectively, it seems clear that Clieirosirohus has more 
in common with Sphenophyllum than with any other known group, recent or fossil, and 
that Sphenophyllum is thus no longer left perfectly isolated in the Vegetable Kingdom. 
At the same time, I do not consider the aflSnity between the two genera a very close 
one. If we regard the known Vascular Cryptogams as representing four main stocks 
or phyla — Filicinese, Lycopodinese, Equisetinese, and Sphenophyllineee, then we may 
fairly place Cheirostrobus in the last of the four series. Within the series Spheno- 
phyllineee, however, we must, I think, regard Cheirostrobus as the type of a new 
family, as distinct perhaps from that of Sphenophyllum as the Psilotese are from the 
Lycopodieee. 

As regards the question of heterospory, no profitable comparison can be drawn 
between Cheirostrobus and Sphenophyllum, for in neither case is the evidence by any 
means decisive. Our solitary specimen of the former shows only one kind of spore, 
and though it includes the base of the cone, where macrospores might, from analogy, 
be expected to occur, it is manifest that no conclusion can be drawn one way or the 
other from such slender evidence. 

As regards Sphenophyllum, there is a fairly strong presumption that S. Dawsoni, 
the best-known fructification, was homosporous, for here a considerable number of 
specimens have been examined* without finding more than one kind of spore. In 
text-books, it is customary to assert positively that Sphenophyllum was heterosporous.t 
This assertion rests on M. Renault's interpretation of a single specimen, an inter- 
pretation which was always doubtftil, and which he has now himself withdrawn.^ It 
is true that M. Renault still inclines on other grounds to regard Sphenophyllum as 
heterosporous, but the remaining evidence is of an altogether indecisive character. 

Having dealt with the relation of Cheirostrobus to Sphenophyllum, something 

* Williamson and Scott, * Further Observations,' Part 1, p. 939. 

t See, for example, Van Tieghem, * Traits de Botaniqne/ 2nd ed., p. 1444 ; Warming, * Systematic 
Botany,' Engl. Ed., p. 233; Schimpkr u. Schenk, * Palaeophytologie,' p. 178 ; Goebel, * Grnndziige der 
Systematik,' p. 216. 

t * Flore Possile d'Auttin et d'Epinac,* Part 2, 1896, p. 158. 
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remains to be said on the broader question of the relation of the Sphenophyllese to 
other Vascular Cryptogams. That Sphenophyllum itself combines in certain respects 
Equisetaceous with Lycopodiaceous characters has long been recognized.* Sohenk 
and Van Tieghem have dwelt more particulai'ly on the points which it has in 
conunon with the latter — Stur, and more recently Potoni^, on those which it shares 
with the former. Sphenophyllum approaches the Equisetineae in its whorled leaves 
and bracts, resembling Borma^ Steunb, in particular, in the superposition of the 
verticils, and in the sometimes forked lea vest; the fructifications also have something 
in common with those of Calamariese, the resemblance, so far as the sporangiophores 
are concerned, being most marked in the Bowmanites Romeri of Solms-Laubach. 

The points in common between Sphenophyllum and Lycopodineae are mainly 
anatomical — the centripetal primary wood being the chief resemblance. The agree- 
ment in vascular structure is most striking with the family Psiloteae. 

Curiously enough the resemblances in both directions axe accentuated in Cheiros- 
trohus. The marked Calamarian features have been sufficiently dwelt on above (p. 22). 
They are far too strong to be ignored. On the other hand, the structure of the stele 
is distinctly Lepidodendroid, in spite of the differenc-es in detail already pointed out. 

We may attempt to estimate the significance of these twofold resemblances as 
follows : — 

Cheirostrobus is a more ancient form than the SphenophyllecB with which we are 
best acquainted, for we know nothing as yet of the fructification of its contemporary, 
S. insigne. Yet it is highly complex, perhaps more so than any Calamarian, and 
certainly more so than any known Lycopod. As we have seen, it combines the 
characters of the two groups in a striking way. We may hazard the inference that 
Cheirostrobus as well as Sphenophyllum sprang from a very old stock, which existed 
prior to the divergence of the Lycopods and Calamarians. This common stock 
survived for a certain period side by side with these two divergent branches — 
between them, as it were. Sphenophyllum is a group which had advanced very far 
along this third line of descent, so that its common characters with the other lines 
have become comparatively obscure. Cheirostrobus has retained more of the common 
character, though reaching a high degree of complexity on its own lines. 

This interpretation is of course highly hypothetical, but the fact stands firm that 
this early type of cone, while having much in common with Sphenophyllum^ is at 
once more Calamarian and more Lycopodiaceous in character than that genus. 

It must be remembered that in discussing the fructification of Sphenophyllum we 
are in some danger of generalizing fi:om too few examplea The type of S. Dawsoni 

* See Zbiller, " Bassin Houiller de Valenciennes— Flore Foesile," 1888, *Texte,' p. 406. 

t See PoTONii^, " Die Beziehung der Sphenophyllaceen zu den Calamariaceen," * Nenes Jahrbuoh fur 
Mineralogie, <&c.,' vol. 2, 1896, p. 141. The author lays special stress on the compariBon with Bomia^ 
for which Asterocalamites, Schimpbb, and ArclioeocaiamiieSy Stuu, are STnonyms. 
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and that of Bowmanites Ronieri are fairly well known, but there can be no doubt 
that other forms of strobilus existed within the group. Thus, Mr. KrosTON showed 
me a fructification of >S. majus in his collection, in which the sporangia are distinctly 
grouped in fours. In S. trichomcUosum, on the other hand, they appear to be single 
and axillary, though the possibility of a short pedicel having been present is not 
excluded. Evidently the range of variation within this so-called genus was very 
considerable. It is by no means certain that the simpler forms of fructification 
in Spfienophyllum were the more primitive. The analogy of Cheiroatrobus rather 
points the other way, for here the sporangiophores are complex organs, bearing 
several sporangia, while at the same time they still show a marked similarity to the 
sterile segments of the sporophyll. Possibly we may regard the unisporangiate 
pedicels of Sphenophyllum Dawsoni as due to reduction, accompanied perhaps by 
chorisis, as there are two pedicels to each bract. 

It is evident that the comparison with Cheirostrobus is likely to have a consider- 
able influence on our views of the morphology of the Equisetineous strobilus ; the 
apparent resemblance to Palceostachya has already been pointed out. This is a 
subject, however, which it would be premature to pursue further on the present 
occasion. 

The fructifications of the typical Lycopodinese, represented by Lepidostrohus^ 
Lycopodium, and Seldginella, have little in common with those of the Spheno- 
phyllineae. On the other hand, the Psiloteae deserve consideration from this point 
of view. It is not impossible that the synangium of Psilotum or Tmesipteris may 
i-epresent a ventral sporangiophore with its sporangia, comparable to a fertile 
segment of the sporophyll in Sphenophyllum or Cheirostrobus. Such a conception 
appears to be quite consistent with the relative position of the parts, and with the 
course of the vascular bundles, and would tend to reconcile some at least of the 
divergent views which have been held as to the morphology of the Psilotaceous 
synangium.* 

The Psiloteae are undoubtedly highly modified plants, very remote from the 
ancient Sphenophyllineae, but anatomically they have much in common with them, 
while they diverge very widely from the typical Lycopods. 

The sub-division of the sporophyll in Cheirostrobus into fertile and sterile segments, of 
which, in all probability, the fertile are the superior in position, offers an obvious analogy 
with the Ophioglossese. A frond of Ophioglossum pcUmatum or some forms of O.pend- 
ulum^f for example, might be compared with a sporophyll of Cheirostrobus. I do not 
myself recognize anything more than an analogy here, but those authors who lay stress 
on the comparison of OphioglossesB with the Lycopods in general,^ or with the Psiloteae 

• Cf, F. O. Bower, ** Stndiea in the Morphology of Spore-prodncing Members — Eqnisetiiie» and 
Lycopodine©," * Phil. Trans.,* B, vol. 185 (1894), p. 639. 
t F. 0. Bower, ' Spore-prodacing Members,' Part IF., * Ophioglossaceao,' 1896, Plates 8 and 9. 
X F. 0. Bowbr, * OphioglossacesB.' 

£ 2 
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in particular,* may not improbably regard Cheirostrohus as affording support to their 
views. M. Zeiller has already suggested on similar grounds the possibility of an 
affinity between Sphenophyllum and the Ophioglosseee.t 

To discuss these possibilities at length would carry us too far: the conclusion 
which I draw from the investigation of Cheirostrohus^ is that this ancient form is 
most naturally placed in the same main division of Pteridophyta with Sphenophyllum^ 
hitherto an isolated group. The characters of the new genus throw great light on 
those of its ally, and Wd us to regard the Sphenophyllinese as representing a 
generalized type, combining many of the features of Equisetinese and Lycopodinese, 
and indicating the common origin of these two series. 

I cannot bring this memoir to a conclusion without again expressing my warm 
gratitude to my friend Mr. R. Kidston, to whom I owe my knowledge of the 
existence of his unique specimen, and the opportunity of investigating it. 

The additional sections which I had prepared from the original block were cut for 
me by Mi\ F. Chapman. 

The illustrations to this paper are partly photographic, the micro-photographs 
having been taken for me direct from the sections by Dr. E. C. Bousfield. The 
other figures are from camera-lucida drawings by my assistant, Mr. W. C. Worsdell. 

The diagram on p. 7 was prepared for me by Mr. J. Allen, from a rough sketch 
by Mrs. D. H. Scott. 



Explanation of Plates 1-6. 

Plates 1-3. — Photographs from the actual sections, taken by Dr. E. 0. Bous- 
field. Many require to be examined with a lens. 

PLATE 1. 

Photograph 1. Transverse section of the whole cone. In the middle is seen the axis, 
surrounded by the flattened mass of sporangia and sporophylls. st.^ a 
sterile lamina, marking limit of specimen on the left ; on the right the 
displaced sporangia, sp.^ extend to the broken edge ; Z., limit of specimen 
towards top of figure ; iep., foreign body (Lepidodendroid cortex) limiting 
the specimen below. X 14 diam. Slide K, 84a (see p. 2). 

* See Solms-Laubagh, ''Anfban des Stookes yon PsUotum iri^etrum*^; 'Ann. da Jard. fiot. de 
Baiienzorg,' yol. 4, p. 185, 1884. 
t Loc. ciL, p. 37, 
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Photograph 2. Axis, enlarged, from same preparation. In the wddle is the dodec- 
arch stele. One complete whorl of twelve leaf-traces is shown, with parts 
of others. The successive divisions of the leaf-trace bundles can be followed. 
l.Oj trace just divided into three; l.t,^, trace showing antero-posterior 
division of median bundle; l.t.^ (in outer whorl), same division more 
advanced ; s.b., sporophyll-bases ; s.h.^, shows the three posterior bundles 
entering the sporophyll. The spaces between the segments are packed 
with sporangia. X about 8 diam. Slide K, 84a (see pp. 3 and 10). 

Photograph 3. Central part of axis, from another transverse section, px.^ one of the 
twelve protoxylem-angles of the stele ; ^.<., a leaf- trace bundle passing 
out from one of the angles ; l.L^, another leaf-trace, which has already 
divided into three. Note that the tracheae extend to the centre of the 
stele. X 24 diam. Slide S, 519 (see p. 9). 

Photograph 4. Badial section of cone, showing axis, bearing sporophylls, with 
sporan^a. peL, one of the petiolules ; s.L, laminae of the sporophyll- 
segments ; sp.^ the radially elongated sporangia. X 2^ diam. Slide E, 85 
(see p. 4). . 

Photograph 5. Part of the same section, enlarged, stele^ central cylinder of the axis. 
To the right several bases of sporophylls are shown, each dividing into an 
upper (5t^p.) and a lower (inf.) lobe. The antero-posterior division of the 
bundle supplying the lobes is also seen, pet., one of the petiolules 
belonging to the superior lobe of a sporophyll ; sp., sporangia, packed 
between the sporophyll-bases and their segments. X about 8 diam. 
Slide K, 85 (see p. 4). 

Photograph 6. Tangential section of cone, passing through the sporophyll-bases, s.b. 
Fourteen verticils are shown. Towards the bottom the sporophylls are seen 
breaking up into segments. s.L, laminae of sporophyll-segments, at peri- 
phery of cone. Between the laminae and the leaf- bases the section passes 
through the petiolules and sporangia. X about 2 diam. Slide S, 528 
(see pp. 3, 4 and 12). 

PLATE 2. 

Photograph 7. From the same tangential section as Photograph 6, enlarged, showing 
sporophyll-bases of six successive verticils, s.6.^ sporophyll-base, showing 
the six bundles, three above and three below ; it is coherent below with the 
adjacent sporophyll on the left ; the two left-hand segments of the latter 
are seen separating, as the plane of section passes outwards. s.b.\ sporo- 
phyll cut through at the level where the lower segments begin to separate ; 
s.b.\ separation of segments more advanced ; s.b.\ still more so. On either 
side petiolules intermixed with sporangia are seen. X about 8. Slide 
S, 528, (See pp. 4 and 12). 
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Photr)graph 8. Tangential section, passing through the cortex of axis, showing the 
leaf-trace bundles at various points of their outward course. The vertical 
series, Lt, is in accurately tangential section, but the plane of section 
passes slightly outwards, from below upwards. Hence the bundles at the 
bottom of the figure are still undivided, while those further up are seen 
undergoing their successive divisions. The uppermost trace is in the same 
stage of division as that shown in Plate 4, fig. 8. Other leaf-traces and the 
bases of sporophylls are seen in oblique section. Outside the axis, the 
section passes through petiolules (pet) and sporangia. X nearly 4 diam. 
' Slide S, 520. (See p. 10). 

Photograph 9. Radial section through the outer part of cone, showing the^ attach- 
ment of the sporangia to the peltate laminae of the fertile segments or 
sporangiophores. st}, sterile segment (partly shown) ; pet, its petiolule ; 
st^-8L\ other sterile segments, alternating with the fertile s^ments, 
f^-/^ ; sp.f sp., the two sporangia attached to the laminae of the fertile 
segment /^ ; /* shows the attachments of three sporangia. To the left 
are seen the apices of lower sterile laminae. X about 10. Slide S, 521. 
(See pp. 4 and 12). 

Photograph 10. Similar section to last, showing better the alternation of sterile 
(sO-st.^) and fertile (f^-f^) laminae. At st.^, the form of the sterile lamina 
is well shown. The insertion of the sporangia on the fertile laminae is also 
shown. X about 10. Slide K, 87. (See pp. 5 and 12). 

Photograph 11. Another radial section, showing the form of a sterile lamina (st^st.) 
specially well. Note the stout downward protrusion, overlapping the 
fertile lamina f, and the thinner upturned apex, both of which are double, 
as shown in Photograph 12. a., attachment of one of the sporangia to a 
fertile lamina. X about 12. Slide K, 87. (See p. 5). 

Photograph 12. Transverse section from the periphery of the cone, passing medianly 
through two fertile laminae, /.^ and /.^ showing their sporangia, st, the 
two downward protrusions belonging to the sterile lamina next above f} ; 
St}, the two apical outgrowths belonging to the sterile laminae next helowf} 
{cf. Photographs 10 and 11). X about 16. Slide K, 84b (see pp. 4 and 5). 

PLATE 3. 

Photograph 13. Similar transverse section to Photograph 12, but peussing medianly 
through the sterile laminae, st The apices of others are shown in transverse 
section. /.,y«> the two lateral lobes of a fertile lamina ; through the groove 
between them the sterile segment passes out. The insertion of the sporangia 
is clear {cf. Photograph 11). X about 16. Slide S, 519 (see pp. 4 and 5). 

Photograph 14. Tangential section across the petiolules (pet.), the vertical series of 
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which are evident. /., Z., laminae at the periphery, cut obliquely. Note the 
closely-packed sporangia, twice as numerous as the petiolules, and therefore 
four times as numerous as those of the fertile segments. X S^. Slide 
S, 525 (see p. 4). 

Photograph 15. Approximately radial section from the base of the cone. The section 
becomes decidedly tangential towards the top and right-hand side. Z., laminae 
at periphery, s. inf., inferior segment of a sporophyll, the only one which 
can be traced through its whole length {cf. Plate 5, fig. 15a). a;.^, secondary 
wood of peduncle {cf. Plate 5, fig. 16). X about 3. Slide K, 88a (see p. 8). 

Photograph 16. Spores from middle part of cone, X about 110 (see p. 14). 

Photograph 17. Tracheides from interior of primary wood, to show bordered pits, b.p. 
X about 200. Slide K, 85 (see p. 9). 

Photograph 18. Transverse section of peduncle (Williamson specimen), stele, central 
cylinder, with nine xylem-angles. l.L, leaf-trace before dividing; Lt.\ l.t.^, 
forking bundles, derived from division of leaf-trace. Het,, foreign body 
{Heterangium cortex). X about 8 (see p. 15). C.N. 541. 

s 

Plates 4-6. — Figures from camera-lucida drawings by Mr. W. C. Worsdell. 

PLATE 4. 

Fig. 1. Part of an approximately radial section, passing through an angle of the 
wood, px., disorganized spiral or annular tracheides of the protoxylem ; 
x.^, more densely spiral tracheides at the extreme angle ; x., tracheides of 
the more internal wood. X 390. Slide S, 521 (see p. 9). 

Fig. 2. Pitted tracheide from the interior of the wood, shown in a radial, section. 
The outline of an adjacent thin-walled element is shown. X 200. Slide 
K, 85 (see p. 9). 

Fig. 8. Short reticulate tracheide from the interior of the wood, seated on another, 
trumpet-shaped, tracheide. X 200. Slide K, 85 (see p. 9). 

Fig. 3a. Three tracheides from the interior of the wood, seen in transverse section, 
showing the reticulate transverse walls. X 200. Slide S, 519 (see p. 9). 

Fig. 4. Part of a transverse section, showing one of the angles of the wood and 
a portion of the inner cortex, px.^ protoxylem-group ; Lt, leaf-trace bundle 
passing out from the angle of the stele ; ss., ss.^ ** secretory sacs " in the 
inner cortical tissue {cf. Photograph 3). X 85. Slide K, 84a (see pp. 10 
and 11). 

Fig. 5. Part of the inner cortex, in radial section, ss., ss., *•' secretory sacs," imbedded 
in the cortical parenchyma. X 85. Slide K, 85 (see p. 11). 

Fig. 6. Group of three bundles, resulting from the first division of a leaf-trace, seen 
in transveree section, from the middle part of the cortex. The lower side 
of the figure is towards the exterior of the axis, med, median bundle ; 
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x.y its xylem; ^A., its phloem ; chiefly preserved on the outer side; Za<., 
lat., the two lateral bundles of the trace {cf. Photograph 2, lx}\ X 130. 
Slides, 519 (see p. 10). 

Fig. 7. Group of four bundles, resulting from the first and second divisions of a leaf- 
trace, seen in transverse section, from the outer part of the cortex, ard,^ 
anterior median bundle ; ^05<., posterior do. do. ; the posterior bundle is 
beginning to divide further, lat, lat,, the two lateral bundles of the 
trace; cp., epidermis of axis {cf. Photograph 2, Lt}). X 35. Slide S, 
519 (see p. 10). 

Fig. 8. Group of four bundles, I'esulting from the first and second divisions of a leaf- 
trace, seen in tangential section of the cortex, ant., anterior median 
bimdle ; post.^ posterior do., do. ; lat.^ lat.y the two lateral bundles of the 
trace. X 57. Slide K, 86 {cf. Photograph 8), (see p. 10). 

Fig. 9. Antero-posterior division of the median bundle of a leaf-trace, seen in radial 
section of the cortex, ant.^ anterior bundle ; post.^ posterior bundle. They 
unite below. X 85. Slide K, 85 {cf. Photograph 5), (see p. 10). 

PLATE 5. 

Fig. 10. One of the upper or posterior bundles in the base of a sporophyll, seen in 
transverse section, t.e., in tangential section of the whole cone, a?., xylem of 
bundle, with the smallest elements towards the centre ; pA., phloem, sur- 
rounding the xylem ; jjc, pericyclic or peridesmic tissue. X 390. Slide 
S, 528 {cf Photograph 7), (see p. 12). 

Fig. 11. Similar section of one of the lower, or anterior bundles. Lettering as 
• before. X 390. Slide S, 522 (see p. 12). 

Fig. 12. Peltate laminae of sporangiophores, showing the attachment of the sporangia, 
seen in approximately radial section. The whole of one lamina is shown, 
with insertions of two sporangia, and half the next with the insertion of 
one of its sporangia ; v. 6., v.fe., two vascular bundles of the lamina, diverging 
from the main bundle in the pedicel ped. ; v.&.^, ultimate branch of the 
bundle in the other lamina, passing to the base of a sporangium. X 30. 
Slide S, 522 {cf Photographs 9-11), (see pp. 4 and 12). 

Fig. 13. Structure of sporangia! wall. A, in surface view, showing the "buttresses" 
jutting out from the radial cell-walls. B, in radial section, showing the 
edges of the "buttresses." C, in tangential section, showing the 
*• buttresses " in their full width. The upper surface is towards the 
sporangial cavity. X 130. A and B, slide K, 85 ; C, slide S, 528 (see p. 13). 

Fig. 14. Three spoi-es, from the middle part of the cone, showing the ridges on their 
membrane {cf fig. 15b). X 130. Slide S, 521 (see p. 14). 

Fig. 15. A. Part of an approximately radial section of the base of the cone, showing 
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basal sporophylls, and sporangia, sup.y one of the superior segments of 
a sporophyll ; in/.y inferior segment of the same sporophyll, seen in its full 
extent. It is to all appearance sterile ; a. attachment of a sporangium to 
a fertile segment of the next sporophyll below ; ax-otXy cortex of axis ; 
V.6., V.6., vascular bundles on their way to the sporophyll X 12|^ 
(cf. photogi'aph). Note that the fractures in the sporophyll shown in the 
photograph are here filled up ; in all other respects the figure is exact, 
(see p. 8). B. Spores from one of the basal sporangia. X 130. Slide 
K, 88a {ef. fig. 14) (see p. 14). 

Fig. 1 6. A. Part of the secondary wood from the base of the axis of the cone, seen 
in tangential section, tr.^ tracheides; r., medullary rays. X 85. B. Part 
of a tracheide enlarged, to show the delicate tangential pits. X 200. 
Slide K, 88a {cf. photograph 15) (see p. 19). 

Fig. 1 7. Part of a transverse section through the cortex of th^ peduncle (Williamson 
specimen), to show a group of bundles resulting from the division of a 
leaf-trace. The left-hand side corresponds to the exterior of the cortex. 
ant, anterior ; post, posterior, branch of the median bundle ; lat, lat, the 
two lateral bundles of the trace {cf. fig. 7). The parenchyma is somewhat 
diagrammatic. X 30. C.N. 540* (see p. 17). 

PLATE 6. 
{All these figures are from the Williamson specimen). 

Fig. 18. Transverse section of the peduncle, st.^ stele; l.t, leaf- trace bundles passing 
. through the cortex ; L, L, bases of leaves ; that to the right is evidently 

bilobed, and is entered by two vascular bundles converging towards the 

interior. X 4. C.N. 540 (see p. 15). 
Fig. 19. Tangential section through the cortex of the peduncle. Lt, leaf- trace bundles, 

some of which occur in pairs ; L, L, bases of leaves ; one to the right shows 

four vascular bundles. X 4. C.N. 545 (see p. 17). 
Fig. 20. Transverse section of the stele, which at this level shows nine prominent 

angles, par., one of the groups of protoxylem ; there is one such group in 

most of the angles, but probably two in that to the right ; x^, secondary 

wood, distinguished by its radially-arranged elements ; ph., one of the 

phloem-groups, which are situated in the bays between the prominences. 

The whole interior is occupied by trachese, intermixed with thin-walled 

cells. X 30. C.N. 541 (see p. 15). 
Fig. 21. One of the prominences of the stele, enlarged, px., group of protoxylem 

at the angle ; x, part of the primary wood ; ar^, secondary wood, consisting 

* " C.N." indicates Cabinet number in tbe Williamson Collection. 
VOL. CLXXXIX. — B. F 
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of radial series of tracheae, separated by medullary rays (r.) ; pA., pA., two 
of the phloem-groups ; c6., remains of cambium. X 175. C.N. 541 (see 
p. 16). 

Fig. 22. Part of a radial longitudinal section passing through one of the angles of 
the stele. The exterior is towards the right, px., protoxylem-group, 
consisting of spiral tracheae ; a:.^, probably secondary wood ; the pitting is 
obscure ; a?., large tracheide of the primary wood, with numerous bordered 
pits X 200. C.N. 544 (see p. 15). 

Fig. 23. From another part of the same section, showing a portion of the interior of 
the primary wood. <r., <n, tracheides, one of which shows two rows of very 
distinct bordered pits ; c.p., conjunctive parenchyma. X 300. C.N. 544 
(see p. 16). 

Fig. 24. From a radial section of the peduncle, showing the base of a leaf, which is 
distinctly bilobed. v.Z., upper or ventral lobe; d.l.y lower or doi*sal lobe; 
f.Kyf.h.y vascidar bundles passing into the two lobes. X 15. C.N. 543 
(see p. 17). 

Fig. 25. Another leaf-base, in radial section. v.Z., ventral lobe, here almost dis- 
appearing; d.l., dorsal lobe ;/ 6., vascular bundle. X 15. C.N. 544 (see 
p. 17). 

Fig. 26. Part of the same transverse section from which figs. 20 and 21 are taken, to 
show the cortex. L, L, bases of two leaves ; f.h.^ f.b.^ the foliar vascular 
bundles, showing tracheae. The two bundles which enter each leaf form a 
V, meeting towards the interior. The dark cells in the cortex may be 
secretory sacs. Part of the stele is shown, px.^ px.y protoxylem-groups ; 
ph., phloem. X 30. C.N. 541 (see p. 17). 

Fig. 27. Part of another ti-ansverse section, showing the base of a leaf, which here has 
three lobes. /6., the three vascular bundles entering the leaf, and all con- 
verging towards the interior. The dotted lines to either side indicate the 
contour of the cortex. X 45. C.N. 539 (see p. 17). 
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//. Studies in the Morphology of Spore-Producing Members. — HI. Marattiacece.^'' 

By F. O. BowEB, Sc.D., F.R.S.y Regiics Professor of Botany in the University of 

Glasgow. 

Received May 27,— Read June 17, 1897. 

[Plates 7-11.] 

iNTRODUOnON. 

In the two Memoirs of this Series already published, I have dealt with the spore- 
bearing members of the Equisetineae, of the Lycopodinese (including Psilotace» and 
Isoetese), and of the OphioglossacesB. We must now take up the case of the remaining 
class of Pteridophyta, viz., the Filicinese. Of the two sub-classes into which it 
is divided, I propose to leave the Hydropteridese for the present on one side, and 
discuss first the sub-class of homosporous Ferns. 

In a previous paper (* Annals of Botany,' vol. 5, p. 109), I have advanced what 
appear to me to be good reasons for the opinion that the Eusporangiate Ferns represent 
a more primitive type than the Leptosporangiate. Accordingly, I propose first to 
take into our detailed consideration the sori of the Mai*attiace^, and it is to them 
that the present Memoir will be devoted. 

I shall assume that those who are interested in this subject will have already made 
themselves acquainted with the general theoretical position which has been disclosed 
in the two earlier Memoirs of this series, and I shall not, therefore, recapitulate my 
views here. . But in stating in detail the facts relating to the Marattiaceous sorus, I 
shall endeavotir so to state them as to avoid theory, and reserve the theoretical 
treatment for separate sections of the text, apart from those whicA are descriptive. 

Dan^ea. 

Though various writers have contributed to our knowledge of the development of 
the sori in other genera of the Marattiaceae, Dancea has been left almost untouched : 
doubtless, this is mainly due to the difiGiculty of securing suitable material ; but it is 

* Part I. of these Studies appeared in «Phil. Trans.,' B, 1894, pp. 47^-572 (Plates 42-52) : of 
Part II. only an Abstract was pablished by the Society (see * Roy. Soc. Proceedings,' vol. 59, p. 137) ; 
the fnll paper was published independently by the Author (Dulau & Co., London), 1896. 

P 2 17.12.97 
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Btmnge that these diflSculties have not sooner been overcome, for on grounds of 
general comparison it would appear to be an important form. The mature condition, 
however, has been repeatedly described ; and the general characters of the genus are 
well known.* I do not propose to discuss the vegetative organs, but merely note 
that in D. simpKcifolia (Rudge), the leaf is simple, and of ovate-lanceolate outline ; 
in other species, however, it is simply pinnate. The fertile leaves resemble the sterile 
in outline, but are of smaller area, while the greater part of their lower surface is 
occupied by the large cake-like sori, which lie parallel to one another, and follow the 
course of the straight nerves from the enlarged midrib towards the margin. In 
various species it has been noted that the leaf may be only partially fertile, and in 
these the regular uniformity of outline of the sorus may be departed from, as it is 
also occasionally in the normal fertile leaf The sori may be found to be abstricted 
(Plate 7, fig. 1, a., arrow), and the single sorus may be divided into two or more parts in a 
somewhat irregular fashion (fig. 1, b.c). This has been noted in various species. 
The resulting sori are frequently of circular outline, having a single series of sporangia 
disposed in a ring roimd a central point. This is virtually identical with the arrange- 
ment of the sporangia in the sorus of Kaulfussia cescuU/olia (Blume). 

The details of structure of the sorus have been represented by Kunze {loc. cit.. 
Tab. 28) for D. stenophylla (Kunze), and by Martius {loc. cit., vol. 11). More 
elaborate drawings, though perhaps less correct in detail, are those of Francis Baueb, 
in Hooker's ' Genera Filicum,' vol. 7 ; the description of them is, however, obscured 
by the peculiar use of the term " indusium." But the best drawings are those of 
Greville (Hooker and Grevillb, 'Icones Filicum,' vol. 1, p. 18) of D. alcUa, 
which represent correctly the main points of structure of the mature sorus. From 
these sources it is apparent that the sorus consists of two rows of confluent sporangia, 
the loculi of which are separated from one another by complete septa, while they 
dehisce by distinct pores upon the outer, free surface. Each sorus is inserted above 
a single nerve, and between the sori, plates of tissue arise from the surface of the leaf; 
these plates, which have been described as indusia, are enlarged upwards so as 
partially to cover the sori (compare ' Genera Filicum,' Tab. 7, figs. 2, 4, 6). With 
insufficient data such as these before us, and without any facts of development, we 
must begin the investigation of the sori of Dancea. 

The material used was of D. elliptica (Smith), collected by Mr. Elliot, in St. 
Vincent, and forwarded to me through Mr. George Murray, and D. alata (Smith), 
sent to me by the late Dr. Trimen. The characters of these species are well known ; 
the sori were found to be essentially similar in the two species, except that the 
number of loculi in D, alata is much smaller than in D. elliptica. If the sporophyll 
of the latter species be cut so as to traverse the sori transversely, the outline appears 

♦ Hooker, * Synopsis Pilicum,' p. 442; Mabtius, 'Flora Brasiliensis,' Fascic. 23, p. 154; Hookbr, 
'Gen. Filic.,' Tab. 7; Prisl, * Snppl. Tent. Pterid.,' p. 33; Kunze, ' Farrnkrauter,' pp. 55 and 107, 
Ac, &c. 
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as in fig. 2, in which are seen inserted on part of the expanded lamina three 
indusia (i.), and alternating with them two sori (s.), the latter being seated above 
respective vascular bundles (v.b.). It will be noted how large are the indusia, and 
how they partially overarch the margins of the sori. The latter each show two loculi, 
or sporangia, limited by a wall, which consists in the mature state of several layers 
of cells, of which the outermost is considerably thickened ; the sorus to the right has 
been so cut as to traverse the pores of dehiscence, which are thus seen to lie close to 
the septum. If sections be cut parallel to the surface of the leaf, so as to traverse 
the sori, they appear as in fig. 3 ; three sori are there seen closely fitted round by the 
indusia. It will be noted that the loculi vary in size, arrangement, and form, those 
at the end of the sorus deviating far from the ordinary roughly rectangular outline. 
Lastly, if a section be cut, so as to traverse the length of the sorus, it would appear 
as in tig. 4, in which the vascular bundle runs below its whole length, while the 
indusium (i.) overlaps the ends in very much the same way as the velum, or indusium 
of Jsoetes; in part the section has traversed the pores of dehiscence, but in part of it 
the loculi appear closed. Awhile we thus recognise the main features of the sorus, it 
should be at once noted that deviations of detail are frequent ; the most noteworthy 
is the occurrence of incomplete septa (fig. 5), which appear not uncommonly as flanges 
of tissue running partway across the cavity of a sporangium ; they are sometimes 
founds as in our illustration, running from the outer wall inwards ; sometimes they 
are attached to the sides of the loculus. These incomplete flanges may be compared 
structurally with those in the sporangium of Isoetes (compare * Phil. Trans.,' B, 1894, 
fig. 116, x), where, instead of free trabeculse, the sterile tissue projects from the 
lateral wall as a partial septum into the sporangial cavity. 

From these drawings a general idea of the structure of the sorus may be derived. 
The next step will be to give such details of its development as the material at 
disposal would allow. It is to be regretted that I have not been able to observe the 
earliest stages, but as the essential features are found to be very similar to those of 
Marcfttia and Kaulfussia, this is not, perhaps, of so great moment. We will at first 
discuss the development of normal sporangia, leaving on one side, for the present, 
those abnormal cases above noted, which have, however, a very special interest. 

The earliest condition of the sorus which I have observed is such as is shown in 
fig. 6, which traverses the sorus vertically, and follows its longer axis; here the 
sporogenous groups are already of considerable size, while their arrangement is such 
that, as regards their origin, they are readily referable, together with the superficial 
cells which cover them, to a single parent celL This may be called the superficial 
parent cell ; it was doubtless of deep oblong form, with its longer axis perpendicular 
to the surface, and one of its ends flush with the outer surface. It is, however, 
impossible to decide from stages so late as this, what the actual succession of segmen- 
tations in this parent cell has been, and whether the archesporium is or is not 
defined finally by the first periclinal wall in the original parent cell. A point, which 
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is of some interest is the very considerable variety of bulk of the sporogenous groups 
of successive loculi; this is obvious in fig. 6, which represents three sporangia taken 
at random. No two of these show the same details of segmentation ; the most 
prominent diflference is in their width ; the depth of them, however, and the thickness 
of the tissue which will form the outer wall is almost constant. In figs. 7, a, 6, c, 
other cases are shown for comparison ; in c, the sporogenous group appears only about 
one-half the size of that in a ; these differences of bulk have an important bearing, 
which will be explained below. Though, in the large majority of cases, . the sporo- 
genous group, together with the cells of the wall covering it, are thus referable to a 
single parent cell, examples are to be seen where this cannot be recognised. A case 
of this is shown in fig. 8, in which it would seem probable that two original parent 
cells in juxtaposition have been involved. With this should be compared the very 
regular sporangium in fig. 9, which may be taken as representing the normal tjrpe in 
the same leaf from which fig. 8 was taken. I am not able to state positively that the 
sporogenous tissue in these sporangia does originate from two parent cells, but, if 
that be so, as seems probable, in each case it is only a part of the product of such 
cells which haa gone to form the sporogenous mass, the rest contributes to the tissue 
of tapetum and septum. These considerations will also be found to have an interest 
in connection with the theory of the sorus. 

A transverse section through part of a sorus of the same age as fig. 6 is 
represented in fig. 10 ; and again the variation of detail is seen, the form, bulk, 
and mode of segmentation of neighbouring sporangia not conforming to any strict 
plan. Again, in fig. 11, extreme cases of difference of the sporogenous groups, all 
from the same leaf, have been traced in outline, and it will thus be noted that the 
number of cells of the sporogenous group traversed by the plane of section may vary 
from 4 to 16, in sporangia of the same age; this is a very considerable margin of 
difference, which, I think, it would be difficult to match in any other genus of 
Pteridophyta. 

Sections, transverse to the axis of the sorus and vertically through the pinna at 
this stage, appear as fig. 12 ; here the indusium is seen, as before in fig. 2, 
overarching the sporangium as a close investment. The sporogenous group, which 
is shaded, is clearly referable in origin to a single parent cell, together with the 
region of wall which immediately covers it. It will be readily understood from what 
has already been said of the variation of detail as seen in other sections, that here 
also the arrangement and number of the cells is liable to vary, and the fig. 12 must 
be understood to represent an average sporangium, which shows a segmentation of 
greater regularity than can always be counted on. 

Putting together now the results derived from sections in the three directions 
described, an idea will be obtained of the sporangium as a solid body. If a section 
were cut through the sporangium in fig. 12 in a direction X, X, it would 
correspond, as regards number of cells, with the middle sporangium in fig. 6 ; while 
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a section along the line Y, Y, would correspond in all essential points with the left- 
hand sporangium in fig. 10. These may be considered as normal and regular 
sporangia. We conclude, therefore, that in an average case the origin of the 
sporogenous group is, as has been described, by segmentation of a single superficial 
cell, to be called the superficial parent cell, and that, at the age described, the 
sporogenous group is a flattened plate of tissue consisting of about 44 cells. This 
is, however, only an average case, and all the dimensions are subject to variation of 
detail. The form and segmentation in the sporangia which lie at the end of the 
soms depart far from the type thus described; this might have been anticipated 
fi:om their mature form (fig. 3), and it is illustrated in the outline of the sporogenous 
group, fig. 11, as well as by fig. 13, which represents the end of a sorus of 
D. elliptica. 

As development proceeds, and the sporogenous group undergoes segmentation, it 
becomes naturally more difficult to trace the genetic relationships of the walls. The 
cells lying immediately outside the sporogenous tissue now enlarge, sometimes 
undergoing division, their contents become poor and transparent, and they assume 
the characters of a tapetum (oj, figs. 8, 9, 14, 15) ; at the same time, while the inner 
limit of the tapetum becomes less regular, owing to the frequent enlargement of 
some of its cells so as to encroach on the sporogenous group, the outer limit 
commonly becomes more regular; the result is that the outer limit assumes the 
appearance of the natural boundary of the loculus; but, notwithstanding this 
appearance, it must be remembered that the tapetum is not derived from the 
sporogenous group, but fi:om the tissue siu'rounding it. Meanwhile, additional 
divisions will have taken place in the cells which form the wall of the sorus, and 
these, though irregular, result in some three layers of cells in the lateral region 
(figs. 14, 15); at the apex of the sporangium, however, it is thicker, as is seen in 
fig. 14, and also in figs. 8 and 9, which traverse the region where the dehiscence 
takes place. As regards the division of the spore-mother-cells to form tetrads, and 
the maturing of the spores, I have nothing of importance to add, as apart from what 
is known in other Marattiacese. 

The dehiscence of the sporangia demands a special description ; it is well known 
to be by pores, which are represented in all the old figures ; Sir Williajm Hooker, in 
the letterpress appended to his Plate 7, of the ' Genera Filicum,' describes each pore 
as *' communicating with a number of tmnsverse chambers or cells, and each chamber 
having two (for there does not appear to be a dissepiment between them) sporangia." 
This description must have been based on some misconception, for each pore, as a 
rule, leads into one loculus only. 

The wall of the sporangium at maturity consists of a superficial layer of cells with 
slightly thickened walls, while the subjacent cells remain thin-walled, and are liable 
to collapse when fiilly ripe (fig. 18), so that, in parts at least, the wall of the matm'e 
sporangium may consist of a single layer of cells. The mechanism of dehiscence is 
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exceedingly simple : as ripeness approaches, certain cells of the thickened outer layer, 
situated where the pore will be formed, may be distinguished by their smaller size, 
both in surface view (tig. 16), and alBo in section (fig. 17) : the thinner- walled cells 
below begin to shrivel (fig. 18), forming thus an extension of the cavity of the 
loculus upwards towards the sur&ce ; aa this is approached, the smaller cells above 
noted come apart (fig. 18), and as they themselves also shrivel, the result is a slit- 
like pore, which assumes an irregular oval outline, being lined by the persistent 
remains of the shrivelled cells (fig. 19). The actual rupture is thus seen to occur in 
the cells immediately above the sporogeuous group : these it will be remembered, 
appear to have a common origin with the sporogenous group from an original parent 
cell. It will be further noted that there is nothing here of the nature of an annulus ; 
there are no specially indurated, or hygroscopic cells, not even such as are found in 
Angiopteris. In fact, with the exception of those plants in which the shedding of 
the spores takes place in water, this mode of dehiscence is probably the simplest of 
any FilicineaB. And yet, as will be subsequently pointed out, it is fundamentally the 
same type as holds %r all other Marattiaceae. 

From the sections above described of sporangia just before the rounding off and 
tetrad division, it is possible to estimate the approximate number of spore-mother- 
cells ; and multiplying the number of these by four, the potential number of spores 
of each sporangium may be arrived at : but in making estimates it is to be remem- 
bered how variable the sporangia are in this genus. In an average example of 
Z). alata (fig. 14) there are 108 spore-mother-cells exposed in the single vertical 
section ; fig. 15 shows that there are about 4 layers of them : the total number of 
spore-mother-cells is therefore about 432, and the potential output of spores will be 
about 1728 for an average sporangixun. 

Ahnormalities. 

Having considered the normal sporangium, and traced its development as far as 
the material at hand would allow, we may turn to the abnormalities, which here 
present matter of considerable importance. In certain cases the sporangia though 
varying in size and form, do so within reasonable limits (figs. 3, 4), and frequently 
whole sori may be found in which there is no case of marked anomaly. In other 
cases, however, the anomalies are numerous, so much so that it would be difficult to 
find three or four successive loculi at all nearly similar to one another (fig. 20). 
Examining the details of outline of the loculi in fig. 20, it will be seen that they vary 
very greatly in size, some being narrow and compressed, others being elongated in 
the direction of the longer axis of the sorus ; the largest of these (a;), show slight 
lateral extensions of the steiile tissue into the sporogenous mass, these appearing as 
partial septa : in other cases the septum may be complete, dividing the loculus into 
two, while it is common to note two equal sporangia side by side, which thus illus- 
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trate a complete septation by means of a broader wall. It will be necessary, in view 
of the theoretical interest which attaches to the question of septation, to look more 
closely into the details of these extraordinary abnormalities, but I ^shall endeavour 
first to give a plain statement of the facts, without reference to opinions which may 
be based upon them. 

It is at the period when the difterence in character of the tapetal and sporogenous 
cells becomes clearly marked, both by form and contents, that these anomalies, of 
which in early stages it is difficult to be sure, may be studied with some degree of 
certainty. The sporogenous tissue does not appear to be always strictly limited to 
so regular groups of cells as those previously described : thus in fig. 21, a packet of 
cells, evidently the result of subdivision of one, projects beyond the neighbouring 
group, though it shares their characters ; this case, which is uncommon, was verified 
by comparing the whole series of microtome sections through that loculus, and there 
is no doubt of the fact. We may compare this with what has been described in 
Isoetes in a former Memoir ('Phil. Trans.' B, 1894 p. 531, figs. 106-108), and 
occasionally in some other plants. A much more common irregularity is the converse : 
viz., that certain cells, often clearly sister-cells with those of the sporogenous group, 
remain sterile, and develop as tapetum, or it may be as permanent tissue of a septum. 
Examples of this are seen in figs. 22, 23, in which the cells (st) are clearly sister-cells 
with those of the sporogenous group, though they develop differently, showing already 
by the cessation of division, and by the poverty of their protoplasm, that they will 
be sterile ; there is thus a partial sterilisation of the sporogenous group in certain 
cases. 

Another feature, not to be confiised with this, though producing similar results, is 
the encroachment of some of the tapetal cells upon the sporogenous mass ; this is. well 
shown in fig, 24, and it is specially a feature in loculi which are larger than the 
normal : it would appear as though this were a means of enlarging the absorptive 
surface of the sporogenous group, and leading the nutritive supply into the mass of it. 
It will be noted how, in fig. 24, many of the tapetal cells {x) become convex, and 
project as rounded sacs inwards, which may even at times undergo division into two 
or more cells. 

Though in such cases as those quoted (figs. 22-24) these two modes of origin of 
sterile cells in close connection with the sporogenous cells may be distinguished with 
some degree of certainty, this is not always so, and it is frequently a matter of 
difficulty to decide of which nature the sterile cells may be which are seen ; for 
instance, in the loculi represented in Plate 8 fig. 25, a, 6, c, c/, the origin of the cells 
marked (?) is doubtful, whether by ingrowth of tapetum or by sterilisation of cells 
of the sporogenous groups ; the latter interpretation, however, appears in some cases 
to be the more probable. But whatever their origin, the presence of such sterile cells 
among the sporogenous cells is not an uncommon factor. 

Having thus recognised the two sources of sterile cells, we may now consider them 
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in their relation to the septation of loculi. As already noted, it is in the larger 
loculi that sterile cells are most commonly found (fig. 20), and that various conditions 
of partial septation are seen in them. Thus, in fig. 24, in a loculus which is slightly 
above the average size, processes are seen opposite to one another, which suggest a 
median constriction of the large loculus ; that is an approach to a condition of septa- 
tion. This is, however, more pronounced in the much larger loculus shown in fig. 26, 
in which not only is there a median constriction, but also the cells marked (?), 
evidently sister-cells with the sporogenous groups, show intermediate characters 
between tapetum and sporogenous cells. From their position, if sterile and developed 
as permanent tissue, these would complete the septum ; but their cell walls do not 
show that firmness which is already characteristic of the tissue of the sporangial wall, 
or of normal septa ; probably in such cases the cells we are discussing become 
disorganised as the loculus approaches maturity. A further example, and a more 
complex one, is shown in fig. 27, which represents the large, partially trilocular 
specimen seen in the middle sorus of fig. 20 ; here the state of things is much the 
same as in tig. 26, the septa being incomplete, and probably only transitory, while 
the cells marked (?) show only a slight deviation from the normal. It is noteworthy 
that a triple partial septation, such as this, may occur ; examples of it are not common, 
but the loculus here figured is not the only one of the sort which has been seen. 

It is but a short step from the condition in figs. 26 and 27 to that seen in fig. 28, 
in which a bridge of tapetal cells, clearly distinguishable as such, extends completely 
across the loculus ; it will be seen that, though in part it is a single row, some of the 
cells are divided in the plane of the septum, and this leads on to the state shown in 
fig. 29, where the septum is several layers of cells in thickness, while from either side 
an extension of tissue, of the nature not of tapetum only, but of permanent tissue of 
the septum, occupies the central region. Slight extensions of this permanent tissue 
may be seen also in figs. 26, 28, and 30a, thus illustrating how the permanent tissue 
extends inwards in rough proportion to the bulk of the septum. It is only a slight 
step further to the complete and normal septum permanently dividing the two loculi 
in the mature state ; such septa are shown in fig. 30 between the sporangia a, 6, c, 
and may vary in thickness, and in other details of structure, though they commonly 
consist of two to three layers of cells. 

From the above description it will be plain that the sporangia of Daruea are by no 
means constant bodies ; they are an*anged in two rows, which together constitute the 
sorus, and this is perhaps their most constant feature. In point of segmentation of 
the cells which give rise to them, there is very great diversity of detail, though it 
appears that, as in other Pteridophyta, the essential part of the sporangia is referable 
in origin to superficial cells. But beyond this, in form and size of the sporangium, in 
the number of sporogenous cells, in the details of septation, and even in the details of 
dehiscence, there is an absence of constancy. Though many of the characters provide 
material for speculation, which will be taken up later, one conclusion may at least be 
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drawn from the facts (it is, indeed, a mere summary of .them), viz., that the sorus and 
sporangium of Dancea are distinctly non-specialised, perhaps more obviously non- 
specialised than those of any other living Pteridophyte. 

Summary of Data from Shidy of Danaea. 

(1.) The sori consist of numerous sporangia, ari-anged in two parallel rows, united 
into an oblong cake-like mass, partially overarched by indusia, which spring up 
between the sori, from the surface of the leaf 

(2.) The sori are not always strictly circumscribed, but are liable to abstriction, 
resulting in shorter, sometimes circular, sori. 

(3.) The sporogenous tissue, together with the part of the wall immediately above 
it, arises by segmentation of superficial cells. Usually one such cell (the superficial 
parent-cell) supplies the whole sporogenous tissue of each sporangium. 

(4.) There is a great variety of detail in the segmentation, and in the size of the 
resulting groups of sporogenous tissue ; hardly any two are exactly alike. Some- 
times more than a single parent-cell appears to be involved. 

(5.) The tapetum originates from the cells immediately outside the sporogenous 
group ; the tetrad division of the spore- mother-cells and maturing of the spores call 
for no special remark. 

(6.) The wall of the sporangium, which consists of several layers of cells when young, 
Daay, by their collapse, be reduced in parts to a single layer when ripe. The dehiscence 
of the sporangium is by a simple ruptm*e, in a radial plane, the resulting slit widening, 
as the adjoining cells shrink, to an almost circular pore. There is no aunulus. 

(7.) Where the sporangia are large, imperfect septations are fi^uently found, and 
many intermediate conditions have been found between the simple sporangium, and 
two separate and equal sporangia lying side by side. 

(8.) In large sporangia the partial septa may owe their origin partly to encroach- 
ment of the tapetum upon the sporogenous tissue, but partly to sterile development 
of cells belonging to the sporogenous mass. 

(9.) The number of spore-mother-cells in an average normal sporangium is estimated 
at about 432, and the potential number of spores would therefore be about 1728, or, 
in round numbers, about 1750. 

Kaulfussia. 

The structure of the sorus in this Eastern genus, which, as it were, replaces 
geographically the Western genus Dancea, has been repeatedly depicted and 
described,-^ but I am not aware of any account hitherto published of the develop- 

* By Kaulfuss, in Hook and Grey., Mccn. Filicum,' Plate 229; by Griffith, * Description of KauU 
fussia,* p. 109 ; by Francis BaueB, Hooker's * Genera Filicnm,' Plate 54 ; ' Monographie des Marat- 
tiac^es/ De Vriesb and Harttng, vol. 5. 
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ment. The sori, which are circular in outliue and without any indusium, are 
scattered iiTegularly over the lower surface of the temate, or quinato-digitate leaf, 
being inserted upon the smaller nerves. The form of the sorus is like a shallow cup,^' 
with crenate outer surface, the very slight grooves of the crenation being continued 
inwards over the margin ; on the oblique inner face of each of the sporangia, which 
naturally correspond to the convexities of the crenation, there is in the mature state 
a narrow slit-like dimple, which indicates the point of dehiscence ; but I do not find 
the pore to gape widely, as it is represented to do by F. Bauer. The number of the 
loculi is variable, as is also their size and outline. Further, the sori are not always 
of the circular form, but sometimes slightly elongated ; others again show a median 
constriction, and it is easy to find examples, which, when placed side by side in 
series, would appear to illustrate all stages from the usual circular type, to two 
such sori seated as a pair (fig. 31, o-e). 

The similarity of general character of this sorus to that of Danwa is obvious 
enough ; the chief difference lies in the circular form. But it has been above noted 
that such circular sori are occasionally found on leaves of Dancea, especially on those 
which show characters intermediate between sporophylls and foliage leaves ; in these 
not only is the distance between the sori often considerable, so that they lie isolated, 
almost as in Kaulfussia^ but also the appearance of the sorus itself comes very near 
to that in the latter genus. 

Turning now to the development, I have been able, through the kindness of 
Dr. M. Tredb, who sent me a large supply of material from Buitenzorg, to follow 
through the latter stages, though the material did not suflBce for showing the 
earliest. 

The youngest condition which I have seen is that represented in fig. 32, in which 
the sorus appears as a flat upgrowth from the general surface of the leaf, with a 
slightly raised marginal rim. The segmentation indicates that the whole has arisen 
by the division, and more active growth of a patch of superficial cells ; those at the 
periphery have grown more actively than those lying centrally. The cells which 
will give rise to the sporogenous tissue lie immediately within the marginal rim 
of the young sorus, I have not seen the earliest stages, where the archesporium is 
represented by a single cell, but the youngest specimens I have seen leave no doubt 
that this is their mode of origin ; thus in fig. 33 the shaded cells of the sporogenous 
tissue, together with the superficial cells which cover them, are evidently referable 
in origin to a single parent cell. It would appear doubtful whether the whole of the 
sporogenous cells are first segmented off by the periclinal wall, &, h ; from the dis- 
position of the cell walls here, as well as by comparisons of other sections, I am 
disposed to think that the wall, a, a, was formed first, and that a subsequent 
addition to the sporogenous tissue was made by the later wall, 6, h ; but I have not 
been able to decide this question by actual observation. The fiirther steps in the 
* I find the cap to be much more shallow than it is depicted by Francis Bauer. 
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development, as seen in sections radially through the sorus, will be gathered from 
figs. 34, 35, 36 ; from these it will be seen how the sporogenous group undergoes 
farther segmentation, while they demonstrate that it is wholly referal)le in origin to 
that group already recognised in fig. 33. There is, however, a slower growth of the 
part involved, so that it is partially overarched by the surrounding tissue : thus the 
narrow slit-like dimple, already noted in the mature condition, is produced, but, as 
tangential sections (fig. 40) show, the dimple is very narrow. 

Transverse sections (tig. 37) through the sorus of age corresponding to fig. 33, bear 
out these results ; the sporogenous groups are easily distinguished at this stage, as 
packets of 2 or 4 cells ; it is to be noted that neither at this, nor at any later stage, 
is there any indication that the intervening tissue represents the fused walls of 
confluent sporangia ; the developmental evidence, though it does not directly dis- 
prove, does not in any measure contribute to prove any hypothesis of coalescence 
of distinct sporangia, either in this, or in other genera of Marattiacese. Later 
stages (fig. 38) show that there is no exact type or form of segmentation of the 
several sporogenous groups, a conclusion which might have been anticipated from 
comparison of tig. 37, as well as of the mature sporangia, and of the facts relating to 
DancBa. 

Tangential sections of the sorus are diflScult to obtain so as to give easily intel- 
ligible results, owing to the curved form of the sporangium ; but if a section be cut 
in the direction XX, fig. 34, the appearance presented will be as in fig. 39, in which 
it is easy to see how the several tissues will correspond. An interesting fact which 
is brought out by such a section is that the groups of cells of the sterile tissue, 
which forms the septum between two adjoining sporogenous groups, are of similar 
origin with these, and at first differ in no respect from them, except in the less dense 
protoplasm, usually smaller nuclei, and in the fact that they do not eventually form 
spores. Very shortly after the stage shown in fig. 39, the growth of the tissue 
above the sterile septa becomes more active than that above the sporangia, and the 
result is the formation of a narrow slit-like depression (fig. 40) ; but as is shown by 
figs. 35, 36, 41, this extends only for a short distance in a radial direction, while its 
position is upon the oblique inner rim of the sorus. It is at the base of this slit that 
the rupture takes place at maturity, the cells adjoining it, both below and laterally, 
dry up, and the result is that the pore gapes open in much the same way as that 
described for Dancsa. Here again, no mechanical tissue with thickened walls has 
been seen, which assists in the rupture, or in widening the pore when formed, while 
the actual rupture takes place in the cells which formed the cap of tissue directly 
covering the sporogenous group. Though differing in minor details, the dehiscence 
is thus seen to be essentially similar to that in Dancea. 

Up to the time of dehiscence the external wall of the sporangia remains of con- 
siderable bulk ; there is no markedly indurated superficial layer, and the wall 
maintains its massive character, the inner layers remaining distended without drying 
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up as in other genera. It may be noted in passing, that the vascular bundle upon 
which the sorus is seateii throws up an irregular extension into the base of the sorus, 
in the form of tracheids (fig. 42), the physiological importance of which is obvious 
enough. 

Turning now to the sporogenous tissue, it undergoes subdivision in the usual way, 
till the definitive number of spore-mother cells is attained ; these then separate from 
one another, and round themselves off in the fluid which fills the enlarged cavity of 
the sporangium. Then follows the tetrad division, all the cells of the sporogenous 
mass taking part in it in normal sporangia. A tapetum is meanwhile formed from 
the cells adjoining the sporogenous group, and these may grow and assume irregular 
form, encroaching on the cavity, as in the case of Dancea. In fact all the main 
features are the same as in other Marattiaceae. 

' As in other genera, an estimate has been made of the average number of spores 
which may be produced from a normal sporangium of Kaidfusaia. An average 
number of spore-mother-cells exposed in a single vertical section of a sporangium, 
radially through the sorus, is found to be 245 ; transverse or tangential sections 
show that the whole sporogenous mass is about eight layers in thickness ; the total 
number of spore-mother-cells would therefore be about 1960, and the potential 
number of spores per sporangium about 1960 X 4 = 7840. 

As regards the septa dividing the loculi, variations in thickness, and even partial 
septations have been seen. The usual thickness of the septum is of three layers of 
firm permanent tissue, with a layer of tapetum on either side — from this as normal 
(though its thickness may be exceeded), various simpler structures have been seen, 
down to a partial septum ; in fact, though I have not thought it necessary to 
represent the facts by detailed drawings after this has been done so exhaustively for 
Dancea, the main features are similar to those in that genus. 

Summary of Results from Study of Kaulfussia. 

(1.) The sori are not strictly circumscribed, but are liable to abstriction, and even 
apart from such easels, the normal sori are often arranged in pairs on the lower 
surface of the sporophyll. 

(2.) The sorus consists of a number of sporangia arranged almost in a circle, with no 
indusium. 

(3.) The sporogenous tissue, together with the part of the wcdl immediately above 
it, arises by segmentation of a single superficial cell for each sporangium. 

(4.) The tapetum originates from the cells.immediately outside the sporogenous group. 

(5.) An average number of spore-mother-cells in a single sporangium is about 1960, 
and the potential output of spores is therefore about 7840, or in round numbei*s 
over 7500. 

(6.) The outer wall of the sporangia retains its bulky character up to the period of 
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dehiscence, and there is no specially indurated superficial layer. The dehiscence is 
by a narrow slit, which opens by shrinking of the adjoining cells ; there is no annulus. 

(7.) Imperfect septations are occasionally found, where sporangia are large. 

(8.) The ceUs which give rise to the sporogenous gi'oup, and those which form septa 
are similar in origin, and at first are indistinguishable from one another. 

Though the more general theoretical discussion will be reserved for a later page, it 
may here be remarked that the similarity of construction of the sorus of Kaulfussia 
to the larger one of Dancea^ leaves no doubt of their near relationship. The main 
difference between the two is in size and outline, the absence of indusium, and in 
their being widely scattered over a large leaf area in Kaulfussna, while in Danwa 
they are closely arranged on a smaller leaf surface. But in those leaves of Dancea 
which show an intermediate condition between the sterile and fertile, the sori are 
frequently circular, and resemble in a remarkable degree those of Kaulfussia. 
Moreover, the similarity extends to the indusium ; for while in DancBa this rises 
between closely placed sori to a height almost equal to that of the sori ; where the 
sori ai'e further apart the indusium appears only as a slight bank of tissue surrounding 
it. Thus the indusium is variable even in the genus Dancea. 

From the above it would thus appear that as regards their sori, Dancea and 
Kaulfussia are fundamentally similar types, and that the chief points in which they 
differ are variable even in the individual of Dancea. It is further interesting to note 
that such variability in Dancea is associated with extension of leaf-area, and that the 
area of leaf of Kaulfussia is considerable ; this will be a point of importance in our 
theoretical consideration to be introduced below. 

Marattia. 

The sorus in the genus Marattia has been investigated by various writers, and is 
described more or less fully in the text-books ; this is a natural consequence of the 
material being readily accessible in Botanic Gardens, as well as in its native habitats. 
The mature structure of the sorus is thus well known, chiefly through the writings of 
LuEBSSEN ('Beitr. z. Entw. d. Farn-Sporangien,' I.), and Strasburger (*Ueber 
Scolecopteris degans/ p. 93, &c.). The development was examined first by Russow 
(* Vergl. Unters.,' 1871, p. 109, 110), who showed that it arose from superficial cells, 
and that a number of these are involved in the formation of each sporangium. 
LuERfiSBN followed, in 1872, with a much more complete account, illustrated by 
numerous drawings, chiefly from Marattia cicutcefolia ; but as the sections of the 
young sorus, which were represented and described by him, were only vertical 
sections through the sorus, and as the consecutive steps of development were not 
stringently compared, so as to elicit the mode of progression from one to another, and 
to show the exact origin of the sporogenous tissue, it is plain that much yet remained 
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to be done. Goebel (' Bot. Zeit./ 1881, p. 685) briefly notes his own observations on 
Marattia cictttcB/oUa and aJata, and states that, as regards the archesporiiim, there is 
a complete similarity to that of Angiopterisy and that the archesporiiim is referable 
in origin to a single cell. He further regards the separate origin of the archesporia 
as evidence of the whole synangium being a sorus, and not a septate sporangimn ; in 
his outlines of classification (Engl. Ed., p. 254) he remarks that the fact of each 
sporangium having its own archesporium *• proves that in Marattia^ as in Angiopteris^ 
we have two rows of distinct sporangia, which have grown together by their lateral 
faces." We shall inquire subsequently whether the facts are always as stated, and 
secondly whether this conclusion is really justified. 

Since Marattia is a middle type of the family, it was thought useful to trace the 
origin and development of the sorus with the greater care, for purposes of comparison 
on the one hand with Dan/ea and Kanlfvssiay and on the other with Angiopteris, 
Moreover, this could be carried out with greater certainty, owing to a plentiful supply 
of growing material oi Marattia fraxinea (Smith), which allowed of the earliest stages 
being traced. 

The locality of the sorus in this species can be very early recognised, in sections 
which traverse it transversely, by means of the hairs which rise from its margin 
(fig. 45). The cells which will give rise to the sorus, though not yet projecting 
beyond the general surface, are deeper than those of the surrounding tissue ; they are 
not constant either in number or form, nor in details of segmentation, as will be seen 
from figs. 45, 46, 47, 48 ; and this want of constancy of detail is a feature which is 
maintained all through the development of the sorus, showing a marked contrast to 
the regularity of the segmentations involved in the formation of the Leptosporangiate 
sporangium. Very soon the central region of the sorus is left behind by the more 
active growth on either side (figs. 46, 47, cells marked x), the sorus thus beginning 
to assume its characteristic form. It might already be concluded, from fig. 46, that 
there is no strict regularity of segmentation of the cells on either side of the median 
line, as seen in transverse section of the sorus ; but this fact is still more apparent in 
a tangential section of the pinnule (fig. 47), in which the young soinis is seen in ground 
plan. In the stage there represented it is impossible to recognise with certainty which 
cells will ultimately give rise to the essential part of the sporangia, and which will 
form the sterile septa ; all appear alike as regards contents, and equally indefinite as 
regards their segmentation. Similar results are obtained from a section longitudinally 
through the region where the sporangia will arise (fig. 47, section along line 6, 6, shown 
as fig. 48) ; here again it is impossible to distinguish the future septa from sporogenous 
cells. In representing the development of the sporangium of Angiopteris, Goebel 
(* Bot. Zeit.,' 1881, Plate 6, figs. 4 and 5) enumerates certain anticlinal walls, thereby 
implying that there is in that genus a constancy in their number and appearance, 
while he further points out that there is a constant relation of these to the origin of 
the archesporial cell, which is described as the "hypodermal terminal cell of the central 
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row of cells" (* Outlines/ p. 254). In Maratlia I am not able to recognise such 
constancy; from figs. 45, 46, 47, and 49, but especially from fig. 47, it would be 
concluded that, while examples could easily be found which would correspond with 
some approach to exactitude to the plan laid down by Goebel for Angiopteris, such 
a plan is not rigidly maintained in Marattia, and that it is most conspicuously 
departed from at the ends of the sorus. Moreover, a comparison of the two opposite 
halves of the same sorus, as seen in section, shows that they are not strictly dominated 
by a common plan. A comparison of numerous serial sections, of vaiious ages, leads 
to a fmi;her conclusion that the whole archesporium is not always referable to a single 
ceU, though it seems to be so in most cases. Fig. 50 shows a rather older sporangium 
in section, and it would appear in that case of a rather undersized sporangium, that 
the whole sporogenous group may be referable to a single parent cell In more bulky 
cases, however (fig. 51), it is difficult to trace such an origin, and it would appear 
more probable in large sporangia that the sporogenous group originated by the 
periclinal division, of more than a single cell, as is indicated in figs. 46 and 49. 

Transverse sections of the sorus have been compared in order to give solidity 
to the conception of its structure ; they again demonstrate the variety of detail. 
The common type is seen in fig. 52, and it will be noted how this section coincides 
with what would be seen if the sporangium in fig. 51 were cut in a plane, cc. But 
the subdivision of the archesporium is subject to variation (fig. 53), the extreme 
cases of which will be considered later. To complete the study sections of the sorus 
of the same age as figb* 50-53, were cut so as to traverse it longitudinally 
(compare fig. 48); the result is such as might have been anticipated ; it must 
be remembered in comparing this with the other sections that the anticlinal walls 
are curved, and that consequently the majority of the cell-rows in fig. 54 will be 
traversed obliquely ; thus their genetic relations are apt to be obscured. 

It is not difficult to follow the sporogenous group and its surrounding tissues from 
the conditions shown in figs. 50-54, to the older stage immediately preceding the 
tetrad division ; this is a condition in which the grouping of the tissues is still 
sufficiently maintained to serve as evidence of the mode of origin, while on the other 
hand the cells which will actually form spores can be distinctly recognised by their 
contents, without any probability of error. Sporangia of such age are represented 
in figs. 55, 56, 57, respectively, in radial, tangential, and transverse sections. The 
examples chosen are those which show an average structure, though many deviations 
from the tyipe occur, which will be discussed later. The tapetuin originates outside 
the sporogenous group, from the cells immediately surrounding it; the latter is 
at this stage a laterally compressed, disk-shaped mass of approximately cubical cells. 
The wall of the sporangium in M. frdxinea is more massive than is represented 
in Luebssen's figures of M. cicutcBfolia, while also the number of the sporogenous 
cells appears to be larger {loc. cit^ Plate 21, fig. 7). It will be noted that the wall 
is narrowest on the flat face where the two sides of the sorus are in contact; it 
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is here that the dehiscence ultimately takes place, after the two halves of the sorus 
have gaped apart. The wall here consists of two layers of permanent tissue, within 
which lies the tapetum. The further details of structure of the sporangium when 
mature, and of its dehiscence, have been so well treated by Luerssen and Stras- 
BURGER that there will be no need of a further description here. 

Bearing in mind the variations in detail to which the sporangia are liable, we may 
form an estimate of the output of spores from an average sporangium, as calculated 
from the number of spore-mother-cells. Proceeding on average examples such as 
those shown in figs. 55, 56, 57, which were specially selected as examples of a 
medium type just before separation of the spore-mother -cells, we find in the vertical 
section (fig. 55) 166 spore-mother-cells. Figs. 56 and 57 show that the laterally 
compressed sporogenous mass is on the average rather over four layers in thickness, 
and the total number of spore-mother-cells in an average sporangium may therefore 
be computed at about 166 X 4 = 664. The resulting potential output of spores 
would then be about 664 X 4 = 2656, say, in round numbers, 2500. 

Having so far described the development of sporangia of the type which may be 
considered the average for Marattia fraxineay it remains to consider the deviations 
from that type ; these, as in other genera, have a special interest in connection with 
the main lines of this investigation. It has already been shown that it is often 
dijflScult in average cases to refer the sporogenous group in origin to a single arche- 
sporial cell ; it will be presently seen that in certain extreme cases more than a single 
archesporial cell must have been involved. 

An examination of any sorus of Marattia in which the sporangia are approaching 
the tetrad division, and in which, accordingly, it is possible on the one hand to note 
with certainty the cells which will form spores, and on the other to still recognise 
their genetic relations, shows that the size and structure of the sporogenous groups is 
very variable. The details are most readily traced in transverse sections of the soinis, 
and from these the drawings to be discussed have been made. In fig. 57 an average 
example has been shown ; but as a specimen of the differences of detail, which may 
frequently be seen, the three sporangia shown in fig. 58 will serve ; no two of these 
are alike in size or shape, or in the segmentation ; it is, however, possible to refer 
the sporogenous group in each case to a single parent cell. As extreme examples of 
small size, the figs. 59, 60 may be quoted, which were drawn from sori of the same 
age as fig. 58, and to the same scale. But not unfrequently sporangia are found in 
which the grouping of the sporogenous cells is such that they appear not referable in 
origin to a single cell ; such cases are shown in figs. 61, 62. In the former there are 
two groups of cells, which are not exactly opposite one another, while the line which 
separates them is continued on as an obvious line of early cleavage to the anterior 
and posterior faces. In fig. 62 it would appear probable from their grouping that the 
sporogenous cells originated from three parent cells. Such cases as these are to be 
noted in connection with partial septations, which are found to occur in Mc^rattia in 
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somewhat the same forms as in Daruea. Two examples are shown iu figs. 63 and 64, 
which represent a rather more advanced stage of development than the preceding 
drawings. In fig. 63 we see a sporangium of very large area ; the sporogenous tissue 
is encroached upon by ingrowths of the nature of tapetum ; in one case these extend 
completely across the loculus, so as to form a septum ; and it was seen, from compari- 
son of the series of sections through this sporangium, that the septum was a complete 
one, but being only composed of tapetal cells it would not have been apparent in the 
sporangium in the mature state. In fig. 64 a more complete sept^ation is represented, 
the sporogenous group being partitioned as before by a plate of tapetum, but, in addi- 
tion, ingrowths of permanent tissue project on either side into the sporangial cavity. 
A comparison of such examples as these with those described above for Dancea 
(figs. 26-30) shows that the cases are essentially similar ; thus in Marattia also the 
identity of the sporangium is not always strictly defined, a point which will have 
special interest in connection with the theories which will be subsequently discussed 
as to the nature and mode of origin of the synangia. 

An excellent account of the gaping of the two-lipped sorus, and of the dehiscence 
of the sporangia having been given by Luebssen {loc, cit.y p. 21, &c.), it will be 
unnecessary to enter into the details again. It need only be remarked that, apart 
from the gaping of the sorus as a whole, the dehiscence of the individual sporangium 
is of the same type as is seen in Dancea or Kaulfussiay involving contrj^ction of cells 
by drying, while the efficiency of this is increased by the fact that the softer dehiscent 
tissue is set in a firm resistant peripheral frame, which makes it necessary that the 
process of drying shall widen the fissm^e. At maturity the wall of the sporangium, 
apart from the region of dehiscence, consists of a firm superficial layer, with the more 
or less conti*acted remains of the inner layers of the wall still visible. 

Summary for Marattia. 

(I.) The segmentation of the young sorus leading to the formation of sporangia is 
not constant in detail. 

(2.) The sporogenous tissue together with the part of the wall immediately above 
it arises commonly by segmentation of one superficial cell. 

(3.) But there is frequently a variety in detail of the segmentation and in the size 
of the sporogenous groups ; in some cases the whole group is not referable in origin 
to a single archesporial cell. 

(4.) The tapetum arises from cells adjoining, and outside the sporogenous groups. 

(5.) There is a mechanical tissue which has the function of making the two sides of 
the sorus gape apart at maturity ; the dehiscence of the individual sporangia is by 
slits in radial planes, the gaping of which is brought about by contraction of thinner 
walled cells surrounded by a more firm and resistant frame. The wall at maturity 
retains evidence of its massive structure. 

H 2 
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(6.) Imperfect septations are found in some sporangia, similar in their main features 
to those already described in detail for Dancecu 

(7.) The potential number of spores initiated in an average sporangium, reckoned 
from the number of spore-mother-cells, is (4 X 664) = 2656, or in round 
numbers 2500. 

Anyiopteris. 

The sori of this genus have been more thoroughly investigated than those of any 
of the preceding genera of Marattiaceae. Their mature structure, as seen from above, 
has been illustrated in many systematic works with varying success : the best draw- 
ings are those by Strasburqer in his memoir on Scolecopteris ('Jenaische 
Zeitschrift,' 1874, Ta£ 3). The general nature of the sorus, with its separate 
sporangia, is so well known as to require no description of its external characters 
here. 

The development was traced by Tchistiakoff (* Ann. ScL Nat.', 1874, Ser. 5, 
vol. 19, p. 219, &c.) : he found that each sporangium originates from several cells, 
while he refers the sporogenous tissue to a single parent cell ; but the drawings, which 
are only of radial sections, do not exactly demonstrate the relations of this cell to 
the rest. Luerssen (' Handbuch der Syst. Bot.,' 1879, p. 578), also examined young 
sori of AngiopteriSy and gave a drawing of a sorus cut longitudinally : but he 
specially notes that the cell-group which gives rise to the mother-cells of the spores 
is never referable in origin to a single central cell. Gobbel (* Bot. Zeit.,' 1881, 
p. 681, &c.), on the other hand, found the case of Angiopteris to be similar to that of 
Bot7*ychium, and recognised as the archesporium the hypodermal cell of the axile 
row of cells of the young sporangium : this he asserts gives rise to the whole 
sporogenous tissue. He notes how the sporangium grows more strongly on its outer 
side, thus acquiring an unsymmetrical form ; in his figures (Taf. 6, figs. 4 and 5) he 
numbers certain anticlinal walls in sporangia of successive ages, and indicates the 
relation of the archesporium to these ; thereby giving the impression that there is a 
certain constancy in the occurrence of these walls. The tapetum originates from the 
cells outside of and surrounding the archesporium, but he states that it is not of 
long duration, being soon disorganised. This statement is however corrected by 
Campbell {' Mosses and Ferns,' p. 272), who points out that the cells of the tape- 
tum, which often have numerous nuclei, do not break down early, but remain at 
least up to the tetrad division of the spore-mother-cells. He gives also a figure 
(fig. 143) of a sporangium approaching maturity in median section, and this together 
with the drawings of Strasburger, loc. ciL, Taf 3, figs. 14-18, are hitherto the best 
illustrations of the structure of the whole sporangium : Strasburger's figures and 
description show especially the mode of dehiscence by a slit on the inner feure, while 
a group of indm'ated cells, occupying the apex of the sporangium, act as a sort of 
annulus, performing an essential part in the mechanism of the dehiscence. The 
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structure of these indurated cells, and their relation to the rest of the wall has also 
been described and figured by Zeilleb (* Bassin Houiller et Permien d'Autun et 
d'Epinac/ Fasc. 2, p. 19, figs. 12 and 13). It will be seen that his statements and 
drawings will harmonize with the description given below. 

Using in part specimens from the Royal Gardens, Kew, partly material from the 
Glasgow Botanic Garden, I have followed the development of the sorus in Angiopteris 
from the earliest stages, and find that there is a general similarity at first to that of 
Mdrattia, as above described ; the same want of constancy in details of segmentation 
is apparent. At an early stage the individual sporangia begin to project as separate 
upgrowths, but I find it impossible, from a study of superficial sections, to detect any 
regular system of segmentation which is maintained in all sporangia ; a comparison of 
the four sporangia, shown in fig. 65 in surface view from above (in which the sporangia 
are indicated by shading), discloses no regular sequence of segmentations, and the 
cell-groups which will develop into the sporangia appear consequently ill-defined. 
I do not propose to attempt an exhaustive description of the variations of detail 
which may be found in organs which are thus variable from their earliest stages, but 
to give an account of the most central and frequent type of development. Of the 
sporangia a, 6, c, d, shown in fig. 65, that marked (b) is believed to be the most 
r^ular and usual type ; and the cells shaded in it are evidently sister cells, derived 
from a single parent cell which, as we shall see, gives rise to the central and essential 
part of the sporangium ; we may call this, as in the other genera, the superficial 
parent cell. If a section were taken along a line a: — a? through such a sporangium, 
after it had grown more convex, it would appear as fig. 66, in which the cells shaded 
are believed to correspond to those shaded in fig. 65. It becomes apparent from such 
sections as these that a single cell, the central cell, had divided periclinally to form 
an inner cell and a superficial one ; the former is the archesporium, and has in fig. 66 
already divided into two ; the superficial cell has also divided repeatedly. Tangential 
sections (i.e., vertical sections at right angles to a; — aj, fig. 65) do not greatly aid our 
idea of the developing sporangium, and are unsatisfactory owing to the inward curve 
which it assumes as a consequence of the stronger growth on the peripheral side of 
the sorus : such a section is shown in fig. 67. Though we may thus select sections so 
as to represent a reasonably regular and typical structure of the young sporangium, 
it is clear, from fig. 65, that what has been described is only a central type, and as a 
matter of feet hardly any two sporangia show exactly the same details of segmentation. 
A comparison of our central type, as illustrated in fig. 66, shows substantial corre- 
spondence with the drawing of Goebel (' Bot. Zeit.,' 1881, Plate 6, fig. 4), while even 
the walls which he numbered 1-5 may be compared with the principal walls in our 
fig. 66 ; but since we find that these are not constant, this coiTespondence in detail 
cannot be considered of material importance. An older sporangium of typical 
structure is shown in fig. 68, and it is an easy matter to see how such a yoimger 
sporangium as fig. 66 might develop into it ; the correspondence again with Goebel's 
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fig. 5 is sufl&ciently dose to confirm the accuracy of his observations for certain 
average cases. Transverse sections of sporangia of this age show the great variability 
of segmentation, even in sporangia of approximately equal size. A common type is, 
however, that of fig. 69, which corresponds in essentials with a section along the 
line X — X through fig. 68 ; the sporogenous group is of the same construction, but 
the tissue on the peripheral side of the sporangium is rather more bulky ; in this 
matter, however, variations are common. Finally, tangential sections at this stage 
confirm the results hitherto obtained : one of the most regular, though from a bulky 
sporangium, is shown in fig. 70 ; a comparison with fig. 68, if we imagine it cut 
through along the line y — y, will sufl&ciently explain itself. From these three 
sections of typical sporangia, of an age to show the sporogenous group already 
recognisable, a good idea of it as a solid body will be gathered. The sporogenous 
group is clearly referable in origin to a single cell, while the portion of the wall 
included in the bracket in figs. 66, 68, wm derived from its superficial sister cell. 
The essential part of the sporangia is thus referable in ultimate origin to a single 
superficial parent cell, as has been found to be the case typically for other Marattiacese, 
and for Botrychium, Helminthosta^hySy and Equisetum. The wall of the sporangium, 
as yet undiflFerentiated, consists of a tissue of variable thickness, being thinnest on 
the side next the centre of the sorus, and thickest on the peripheral side. I do not 
find constancy either in position or number of the segmentations in the waU of the 
sporangium, on comparison of numerous sporangia one with another. Continuing the 
development of the most regular type of sporangium, growth and cell-division often 
continue with sufl&cient regularity to allow the genetic grouping of the tissues to be 
clearly followed (fig. 71). Meanwhile, a group of cells at the apex enlarge to form 
the crest-like annulus. The relation of this to the main lines limiting the product of 
the superficial parent cell is variable ; a common case is that in fig. 71, where the 
middle line {x) coincideia with the limit of the annulus ; but this is by no means 
constant : from this point {x) downwards, on the central side of the sporangiimi, the 
dehiscence will take place. The sporogenous group is now clearly defined by the 
character of its protoplasmic body, and it forms a definite block of cells, referable to 
a single parent. Next follows the change of the cells immediately surrounding the 
sporogenous group, to the character of tapetum (fig. 72), and it may be stated that 
though questionable cases are fi-equently seen, the type appears to be that the whole 
tapetum is extra-archesporial in its origin. The figs. 72, 73, 74, represent respectively 
in radial, transverse, and tangential sections, sporangia - which have arrived at the 
Htage of complete division of the sporogenous mass, and in which the spore-mother- 
cells are about to separate and round themselves oflT, prior to the tetrad division. 

From such sporangia it is possible to compute the average number of spore-mother- 
cells, and for this purpose a number of countings have been made. In radial sections 
the average of the countings gave 59, say in round numbers 60, spore-mother-cells 
traversed. Tangential sections show, on the average, about 6 such layers of cells to 
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be present, and the average number of spore-mother-cells in each sporangium would 
thus be 6 X 60 = 360, while the average potential output of spores per sporangium 
would be 360 X 4 = 1440 spores. I have no details to add to what is already 
known of the tetrad divisions of the spore-mother-cells, and their progi'ess to the 
maturing of the spores. It may be noted that, in the cases observed, all the spore- 
mother-cells undergo the tetrad division, and none have been seen to be disorganised, 
though this, doubtless, may occur in some cases. 

Reverting to the tissues outside the sporogenous group, the tapetum is not a 
strictly de6ned layer, and is often irregularly doubled by periclinal divisions ; but 
this is by no means always the case, as will be seen from a comparison of figs. 72-74. 
It remains recognisable as distinct, enlarged, glandular cells, often with several nuclei, 
up to the period of the tetrad division. This has been noted by Campbell (* Mosses 
and Ferns,' p. 273) ; but, as the spores become mature, the tapetal cells lose their 
definite outline, till all that remains of them is a peripheral granular residuum lining 
the sporangial cavity (fig. 75). The wall of the sporangium outside the tapetum 
consists of two or more layers, commonly three, of which the outermost is the firmest 
and most differentiated ; the inner layers are less regular, and are composed of more 
or less tabular cells. I have never seen the tapetum in direct juxtaposition with the 
superficial layer, as it has been figured and described by Campbell {loc. cit, p. 273, 
and fig. 143, C). Of the external wall three essential parts may be recognised, and 
they will be best seen in fig. 76, which represents the apex of the sporangium, cut off 
in such a plane as x, a? in fig. 72. The first part (a, fig, 72) is found on the doi'sal 
(peripheral) side of the sporangium, and consists of large turgid cells, with moderately 
thin walls, and granular contents, which stain deeply with Bismarck brown. A second 
region (6) consists of deep prismatic cells with thick lignified walls, which may be 
recognised as the annulus ; it extends as a narrow bridge across the apex of the 
sporangium (fig. 72), and widens out on either side, as the apex is left, into a broader 
band of cells with lignified walls (fig. 77). The third region (c) consists of thinner 
walled cells, of elongated form, which constitute a narrow band (fig. 75) running down 
the anterior (ventral) side of the sporangium. This is the tissue adjoining the fissure 
of dehiscence, and the structure which thus determines it is comparable to that seen 
in Gleichenia (Campbell, fig. 185, B), or Osniunda (Campbell, fig. 184). The above 
description corresponds in all essentials to the account given by Strasburger (* Ueber 
Scolecopteris,^ p. 91). 

The structure of the sporangial wall being as thus described, we may now consider 
how it works in connection with dehiscence. The annulus, together with the two 
broader lateral extensions of it, constitute a firm resistant arch, of which the apex is 
the narrowest part, being only about three cells wide (figs. 72, 76). If the thinner- 
walled posterior region (a) were to contract, as we may presume it does by drying 
as the sporangium matures, the two sides would be pulled backwards, while the thin 
bridge of the annulus at the apex would act as a sort of semi-rigid hinge ; the line 



Digitized by 



Google 



56 PROFESSOR P. O. BOWER ON THE MORPHOLOGY 

of dehiscence on the ventral face, having been structurally defined, would thus, on 
fission, be caused to gape widely. It is not probable, however, that this hinge-like 
action is very considerable, and the gaping of the slit may be mainly due, as in other 
Marattiacese, to mere drying up of the cells in the neighbourhood of the rupture. 

At maturity the more or less indurated superficial layer of cells of the sporangial 
wall is the most conspicuous part, but the thinner-walled cells lying within, though 
they may shrink, do not entirely disappear. 

Angiopteris. — Irregxdanties. 

It has been repeatedly noted that there is no definite strictness of segmentation in 
the sporangium of Angiopteris^ though it is possible to fix upon a central type which 
is reasonably definite. It remains now to mention some of the more marked 
deviations from that type, but the attempt will not be made to follow out the less 
obvious variations. 

As regards size of the sporangium, there is certainly a greater uniformity than in 
Dancea or Marattia, and very many sori may be examined without finding marked 
differences ; but such differences do occur, and fig. 78a, 6, c, will serve aa a suflScient 
illustration ; the large terminal sporangium in (c) is specially worthy of note as 
being a synangium, which is distinctly uncommon, though the terminal sporangia are 
frequently larger than the rest. 

The series, figs. 79, 80, 81, illustrate what is perhaps the most interesting deviation 
from the normal. Fig. 79 shows a normal sporangium from the same pinnule as the 
others, with the usual structure, and a well-defined sporogenous group already 
segmented. Fig. 80 shows an unusually large sporangium, in which the sporogenous 
group is not regular, nor clearly defined ; in the region where this should be, a 
number of cells with characteristic large nuclei are seen, not constituting a regular 
group, but spread over a considerable area. Fig. 81 shows a stiU more peculiar case, 
the structure of which at once suggests the synangial condition ; the size of the 
whole sporangium is approximately double that of the normal (fig. 78c.) ; the sporo- 
genous tissue, again ill-defined and rather irregular, appears to constitute two groups, 
which thus support the view of this as a synangium. A comparison of such cases, 
which are however by no means common, with those above described for Dancea and 
Marattia, shows such close similarity, that the conclusion is justified that the 
phenomenon is really one of partial septation of an enlarged sporangium such as 
occurs much more commonly in those genera than in Angiopteris. 

Summai^, 

(1.) The segmentation of the young sorus, leading to the formation of sporangia, is 
not constant in detail. 
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(2.) The sporogenous tissue, together with the part of the wall immediately above 
it, arises commonly by segmentation of one superficial parent cell ; but irregularities 
may be found. 

(3.) The sporogenous group is commonly referable in origin to a single archesporial 
cell, but the segmentation is variable, and exceptions do occur. 

(4.) The tapetum is an ill-defined band, one or two layers in thickness ; it originates 
outside the archesporium, and remains till after the tetrad division, but is absorbed 
before maturity of the spores. 

(5.) The annulus is a crest of cells at the apex of the sporangium, and is 
continuous with two lateral bands of indurated cells to form an arch : the rupture is 
determined, on the ventral face, by special thin-walled cells. 

(6.) Abnormally large sporangia, and even synangia, though rare, are occasionally 
found. 

(7.) The potential number of spores initiated in an average sporangium, reckoned 
from the number of spore-mother-cells, is (4 X 360) = 1440, or in round numbers 
about 1450. 

General Comparison of Results for Sori of Living Marattiace^.. 

In the above pages details have been given of the development and mature 
structure of the sorus in each of the four living genera of the Marattiaceee. Ferns 
allied to these constituted a prominent feature in the early fossil Flora. It will be 
our duty presently to compare these with our living genera as regards their fructi- 
fications. But as the fossils are only known to us imperfectly, and in the matiu'e 
state, while we have the advantage of being able to study the living forms develop- 
mentally, it would seem most satisfactory first to consider these more completely 
known modem survivors. 

On comparing the mature structure of the sorus as a whole, and that of the 
constituent sporangia, and taking in also the facts of development, it will be apparent 
that the four living genera follow one type, and that they form, notwithstanding 
certain external diflferences, a very natural family. The genus which appears 
externally to be most aberrant is Kaidfussia ; but a comparison of the sorus, and 
especially its development, shows that in aU essential features the sporangium and 
sorus are of the same type as in the other genera ; the apparent peculiarity depends 
on the outline of the leaf, which is not a dependable character. 

The sorus in all the living genera shows the sporangia disposed in a peripheral 
series, each sporangium being developed with reference to a radial plane, which at 
maturity coincides with its more or less elongated fissure of dehiscence. As this 
type of sorus is not found exclusively in the Marattiacese, and seems an important 
one from a theoretical point of view, I propose to designate it by a definite term, 
such as " the radiate uniseriate sorus.*' The outline of the sorus may be almost 
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circular, as in Kaulfussia, or more elongated, as in Marattia or AiigiopteriSy or 
greatly elongated, as in Dancea ; but in all these the uniseriate arrangement of the 
sporangia is maintained, and the line of dehiscence, whether it be an elongated slit 
as in Angioptei^^ or a short slit which widens on drying into an almost circular pore 
as in Daruea, is included in a plane running radially towards the central point, or 
towards the median line in those cases where the sorus is elongated. 

As to the relation of the sporangia to one another, the living genera show 
important diflTerences. In Dancea and Marattia the individuality of the sporangia is 
barely indicated by a slight convexity of the outer surface of each sporangium when 
mature, while the young sorus appears as a smooth upgrowth. In Katdfussia the 
individual sporangia are not much more clearly marked externally, but in Angiopteris 
they project at an early stage as separate convexities, and in the mature state, 
though slightly united at the base, they rise upwards as almost separate rounded 
bodies. These facts may be taken as representative stages in a morphological series, 
and the similarity of development in the four genera would support that idea. 
Moreover, as we shall see, the fossils provide other examples which amplify the 
series. As in other morphological series, however, the facts may be taken as illus- 
trating either of two views ; in this case either a progression from a coherent to a 
separate condition of the sporangia, or a progressive fusion of them. This question 
will be considered again later, when the fossils have also been brought into the 
comparison. 

The existence of a specialised mechanism for dehiscence of the individual 
sporangium appears to run parallel with the separate projection of the individual 
sporangia. In Dancea and Kavlfmsia, in which the sporangia are closely united 
laterally, no indurated tissues have been foimd which can be held to act as an 
annulus for the mechanical widening of the slit of dehiscence. In these genera the 
slit, once formed, gapes merely by reason of the collapse of the neighbouring cells. 
Nor would it be possible, by any simple use of mechanical tissue, to improve upon 
this method, where the loculi are merely separated from one another by thin septa. 
In the sorus of Marattia^ as has been fully described by Luerssen {loc. cit., 
pp. 21-26), there are mechanical tissues, but their chief function appears to be that 
of bringing about the wide gaping of the two lips of the sorus, which precedes the 
dehiscence of the individual loculi ; this change of form is a necessary prelude, since 
in earlier stages the two faces, upon which the dehiscence will take place, are in close 
contact, facing one another. The well-known change of form and wide gaping of 
the two lips of the sorus is brought about by certain masses of mechanical tissue 
lying about the base of the sorus. But for the actual dehiscence of the loculi them- 
selves, the mechanism is of the simplest, and compares closely with that in Dancea, 
In Marattia, while the greater part of the sporangia! walls, and even the septa are 
more or less indurated, the region of the wall where dehiscence takes place is 
composed of thin-walled cells ; these rupture by a somewhat irregular slit, and the 
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fissure widens by the drying and contraction of the adjoining cells. The firmer 
tissues of the remainder of the wall constitute a resistant framework, so that any 
such contraction widens the slit once formed. The simple arrangement is, as regards 
the individual sporangium, quite like that in Danofa, though complicated by the 
change of form of the whole sorus as it ripens; and together with the simple 
structure goes the absence of individual projection of the sporangia. 

But in Angiopterisy where the sporangia are freely projecting bodies which do not 
exercise a controlling influence upon one another at the time of dehiscence, and thus 
leave free scope for change of their form, a more elaborate mechanical system is 
present, and I have endeavoured above to explain how it works. 

When we place the above facts in connection with those familiarly known in the 
Gleicheniacese, OsmundacesB, and the main body of Leptosporangiate Ferns, we see 
that the presence of an annuluSy and its elahorateriesSy are to he correlated with the. 
freedom of the sporangia from muttcal relations with others ; it is a mechanism — and 
in the Leptosporangiates a most wonderfully specialised mechanism — which is pro- 
duced only in those forms where it has an opportunity of working ; its office is to 
induce a change of form of the sporangium on rupture, and this can only be carried 
out when the single sporangium is free from its neighbours. As regards its presence 
or absence, Danma and Kaulfassia may be cited as the least specialised of Ferns, 
excepting, perhaps, the HydropterideaB. 

It has been shown, in the detailed description given above, that in all the four 
genera the typical mode of origin of the sporogenous group, together with the group 
of cells lying immediately above it, is from a single superficial cell, with a square 
base, which I have designated the superficial parent cell. It is true that examples 
occur where it is impossible to refer the whole sporogenous group to so simple a 
source, but, though these are of peculiar interest from a theoretical point of view, 
the simpler origin is undoubtedly the type for the Marat tiaceas. The more superficial 
products of this ceU develop into that part of the wall which covers the loculus, 
including the greater part, though perhaps not always the whole of the tissue of 
dehiscence. According to the unequal intercalary growth of the sporangium, this 
r^on of dehiscence may face directly upwards, as in Dancea ; or it may, owing to 
stronger growth of the peripheral side of the sporangium, face obliquely inwards, as 
in Kaulfassia, or Angiopteris ; or, finally, the surface of dehiscence may, owing to 
strong growth on the peripheral side, be turned into a vertical plane, as in Marattia. 
Here the two sides of the sorus are closely appressed till nearly mature, when they 
gape apart, owing to the mechanism above alluded to, and the dehiscence takes 
place on the faces thus exposed. All these are to be regarded as secondary differ- 
ences, and, in all cases, the surface of dehiscence is similar in origin, the tissues 
involved originating mainly, if not always exclusively, from the outer products of the 
superficial parent cell. 

The inner-lying products of this cell form the sporogenous group, of which all the 
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spore-mother-cells appear normally to undergo the tetrad division. A point of 
special interest is the number of spore-mother-cells produced, and, in estimating this, 
it is hardly necessary to reiterate how variable the individual sporangia are, and that 
the estimates are based upon such as appeared to be normal average specimens. The 
numbers, as above stated, are : — 





Spore-Mother Cells. 


Oatpat of spores iu 
round numbers. 


Aiigi<^teris 

Dancea 

Maratlia 

Kaulfustia 


360 

432 

664 

1960 


1450 
1750 
2500 
7860 

1 



Now, these numbers are in great excess of those hitherto stated for any ferns. The 
estimates for Leptosporangiate ferns involve commonly such numbers as 48-64 spores 
per sporangium, while certain genera (Anetmia, Osmunda^ &c.), have been described 
as producing a larger output^ rising in the case of the latter genus to about 500 ; 
even this number is considerably exceeded by species of Gleichenia. But still there 
is a wide margin in favour of the MarattiacesB. Beyond drawing attention to this 
fact I do not propose to go at present, but reserve the whole question of output of 
spores for discussion in a later paper, which will embody facts derived from the 
Leptosporangiate ferns. It may, however, be remarked that the large output of 
spores gives a physiological justification for the deeply-seated sporangia, and their 
bi'oad base — in fact, the Eusporangiate condition is that best adapted for maturing 
large numbers of spores iix>m the individual loculus. 

The tissues which surrounded the superficial parent cell provide the rest of the 
wall of the sporangium and the tapetum ; this latter tissue arises outside of, and 
genetically distinct from the sporogenous group. There are, however, occasional 
abnormalities of origin of the tapetum, and of the sporogenous cells, which will be 
discussed later. As a general rule, all the Marattiacese show this difference from 
Leptosporangiate ferns, that in the latter the tapetum is cut off from the sporogenous 
parent cell itself, but, in the Marattiacese, it originates from the tissues outside the 
sporogenous cell, or group of cells. 

If we compare the Marattiaceous sporangium with that of the Leptosporangiate 
Ferns, the chief differences are seen to be : — 

(1.) The broader base of insertion, and origin from a bulky gi'oup of cells. 

(2.) The closer relation of the sporangia to one another. 

(3.) The thicker sporangial wall, consisting at maturity usually of more than a 
single layer of cells. 

(4.) The less specialisation of the n^echanism of dehiscence. 



Digitized by 



Google 



OP SPORE-PRODUOING MEMBERS. 61 

(5.) The larger number of spore-mother-cells produced, 

(6.) The cubical or prismatic, in place of the conical archesporial cell. 

(7.) The origin of the tapetum from cells outside the spprogenous group. 

It will be a matter of interest later to see how far these characters are absolute 
and distinctive. There are, in fact, certain ferns (Gleicheniaceae, Osmundaceae, and 
Schizaeacese) which provide important material for compai'ison, and they show that 
the Marattiaceous type is not so isolated among ferns as it is often assumed to be. 

Notes on Fossil MARAfriACEiE and Allied Forms. 

Having now seen that, though differing in certain features of the mature sorus, the 
four genera of living Marattiacese conform to one type as regards their development, 
and so would appear to constitute a very natural family, we may turn to the consider- 
ation of allied fossils. But I shall not attempt to give an exhaustive account of 
fossil ferns of presumable Marattiaceous affinity. This would bring with it little 
advantage, since so many are merely known by impressions, and the interpretation 
of these may often be doubtful. I shall only cite such examples as are reasonably 
well preserved, and are accordingly reliable for purposes of comparison. 

Among the four living genera, notwithstanding the differences in form of the 
sporangium, in the number of sporangia in the sorus, and in the degree of their 
lateral connection with one another, there are essential points of similarity, such as 
the position of the sorus on a nerve, the uniseriate radial type of its construction, 
the relatively thick sporangial wall, and introrse dehiscence by a slit in a radial plane, 
and the deficient or absent annulus. Among the fossils there are various genera 
which conform to the modern Marattiacese in all these particulars. We shall first 
take those which are best known, and conform most completely to the modern types : 
of these Scolecopteris naturally takes the first place. 

This genus, founded by Zenker, has been extended by Stur'**' so as to include 
certain ferns previously described as species of Pecopteris. This author gives also 
very full references to the literature, and especially to the writings pf STRASBURGERt 
and Renault.^ As extended by Stur, the genus includes plants with sessile or 
shortly pedunculate sori, of three to six sporangia ; they are united below, but 
separate above, and extend into a more or less elongated beak. The Marattiaceous 
characters are unmistakable, and it has been pointed out by Strasburger (loc. cit.y 
p. 87) that Sc. elegaiis (Zenk.) shows features connecting it with Marattia as regards 
the form of the sporangia, and with Kaulfussia in their circular disposition in the 

* ' Sitz. d. Wiener Akad.,» Vol. 88 (1885), pp. 720-757. 

t Strasburger, * Jenaiscbe Zeitschrift,* 1874, p. 81. 

I Renault, * Cours de Bot. Fosb.,' III. p. 116, Plate 20. Ac. 
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sorus, while the outline of their upper fre^ portion would point to Angiopteris: in 
dehiscence it compares with all three, but especially with Marattia. In fact^ 
Scolecopteris elegans is a type which unites in itself characters of various living genera. 
Other species of Stub's genus show difierences of detail, such as greater or less 
length of the receptacle ; this is what is seen among living species of Marattia : or 
the varying length of the terminal beak, of which Sc. polymorpha (Bgt.) is an extreme 
case : this, though peculiar in being an extension of individual sporangia, may be 
compared with the differences of upward extension of the tip of the sorus in various 
types within the genus Marattia : so that this variability is not without its parallel 
among modern ferns of a single genus (compare Lxjebssen, loc. cit.y Plate 21). It 
may be noted that the number of sporangia in the sorus of Scolecopteris^ which we 
thus on other grounds regard as a central type, is small and variable, but that 4 and 
5 seem to be the most frequent numbers. 

The fossil ascribed by Stub* to the genus Scolecopteris y under the name of 
Scolecopteris cyathea (Schl., sp.), with its sporangia united below, but with free 
acuminatioDs, leads on towards the genus Asterotheca (Presl).! Here the circular 
sori consist of 3-8 sporangia, which are united almost up to the apex, they have the 
peripheral wall strongly convex, and show no annulus. The mode of dehiscence has 
not been directly observed, but it seems highly probable that it is by radial slits, 
which opened upon the small dimple-like depression at the apex. The whole sorus 
is strongly suggestive of that of a KauJfussia, with a smaller number of loculi, and 
much narrowed apical depression, while the obscure slits of dehiscence of the modem 
genus, and the absence of any annulus would correspond to the condition of this fossil. 
Pbesl has grouped this genus with Kaulfussiay but Stub {loc. city p. 720) rejects 
this on the ground of the form of the leaf, which is closely similar to that of Marattia 
Kaulfussii (J. Sm.) ; and he accordingly founded the special group Asterotheceae. 
But to those who fully recognise how greatly the outline and character of the leaves 
of modem living ferns may vary within the single genus, this point would seem to be 
over estimated. I see in it no suflScient reason for separating the Ast^rothece© from 
Kaulfussia. In any case the correspondence between the sori seems to be a peculiarly 
close one. It may be noted that Asterotheca is a relatively early form,| a fact which 
has its importance. 

Ptychocarpus (= Diplazites, Gopp.) hexastichus appears to have sori of a similar 
type to Asterothecay^ but the sori are placed " in several rows on both sides of the 
median nerve in each pinna," || a condition which has its interest for comparison with 
Kavlfussia. 

* Loc. cit, p. 752. 

t Stur, he. cit.y p. 704. 

X Ihid., p. 720. 

§ lUd,, p. 763. 

II SoLMs, loc. cit., p. 144. 
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A very important fossil for comparison with Kaulfussia is that recently described, 
with new drawings, by Renault (* Gites Mineraux Fasc.,' 4, pp. 9-11), as Pecopteris 
(Gonioptens) unita (Brongt). It is found throughout the whole thickness of the 
Upper Coal Measures {loc. ciL, p. 5). The synangium figured in transverse section 
consists of seven locuH, completely fused to a circular form, with an outer wall con- 
sisting of several layers of cells, while the septa are relatively thin. The central 
mass of tissue is occupied by a vascular axis of star-like appearance in transverse 
section. The large numlier of spores which the loculi still contain, is quite in keeping 
with what is seen in Kaulfussiay while the detachment of the whole synangium in one 
piece, which is specially noted by Renault, is also a point for suggestive comparison. 
In comparing the fossil with the modem genus Renault remarks that their synangia 
differ considerably ; he notes the cup-like form of the synangium of Kaulfussia, and 
that the dehiscence is obliquely inwards, while in the fossil the synangium is not 
hollowed at the apex, and the dehiscence does not take place obliquely inwards, but 
is apical : moreover, the vascular tissue is extended even to the upper part of the 
synangium : he concludes, " it appears, therefore, that these fructifications were of a 
more complex structure than that of the living Marat tiaceae of the genus Kaulfussia.'' 
But the differences thus noted do not appear to me to be so great as they are deemed 
to be by Renault. A comparison of my fig. 32 shows that the cup-like depression 
of Kaulfussia is very slight when young, and even in the mature state (fig. 43) it is 
not so great as the often-quoted drawings in the * Genera Filicum' (Plate 59a) would 
indicate. Secondly, as shown by fig. 43, the oblique inward direction of the slit is 
only slight. Again, we see in Kaulfussia that the vascular tissue is extended 
upwards into the synangium (fig. 42), though not so far as in PecopteHs unita, 
nor is it so coherent a strand. All these are differences of degree, not of kind, 
and involve characters which, on comparison with other living Marattiaceae, we 
regard as of secondary importance. The conclusion which I draw is that there is a 
substantial and striking similarity between the sorus of this fossil and that of the 
modem Kaulfussia. 

Another interesting genus of Marattiaceous fossils, with circular sori consisting pf 
3-6 sporangia, united in their lower part, and accordingly coming away in one piece, 
is that described by Renault {loc. cit., pp. 11-19), under the name of Diplolabis. 
The walls of the sporangia at maturity are only one layer of cells in thickness, and 
there is no differentiated annulus. As regards the number of spores in each loculus 
seen in section, this fossil would accord with modem Marattiaceae, but the corre- 
spondence in general characters is not specially close with any living genus. 

The genus Rmaultia created by Stur to receive the fossil described by Renault,* 
and ascribed by himt undoubtedly to the Marattiaceae, includes a form of sorus which 
again combines characters in an interesting way. The sorus, consisting of five 

* * Cours,' 111., p. 122, Plate 22, fi^s. 9-11. 
t Stur, loc, cit, p. 760. 
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sporangia is of the uniseriate radiate type, with introrse dehiscence ; the sporangia 
are united below upon a common receptacle, so that the whole sorus may come away 
in one piece. The peculiarity is the presence of a rudimentary apical annulus, which 
suggests an afl&nity with Angiopte'ria ; but it would appear that though there are 
undoubted points of correspondence, the sporangium of Renaultia was a less massive 
one than that of Angiopte^ns evecta ; a comparison of Renault's drawing* with my 
own drawing of the apex of the sporangium of A. evecta, fig. 76, demonstrates this. 
It is highly probable that Renatdtia has Marattiaceous affinities ; but it would 
appear that the sporangium is of a more attenuated type than that of any living 
Marattiaceous Fern. 

The genus Hawlea (CoRDA)t shows a circular uniseriate, radial sorus of 3-6 
sporangia, which are separate from one another, but seated on a short circular 
receptacle. They diverge radially from one another when mature, and dehisce by a 
radial introrse slit, which is directed obliquely upwards. SturJ describes a '' rudi- 
mentary apical annulus,'' but it is not clearly shown in his figures. The character of 
the leaf is compared by him with that of Marattia. Corda referred it to the 
GleicheniaceaB ; Bertrand§ gives only partial assent to this, and Stur repudiates 
that affinity, both on ground of the form of the leaf and of the sporangium, the 
latter having no circular annulus. He assigns to it|| a middle position among living 
forms, recognising in the leaf a similarity to Marattia, in the circular form of the 
sorus to Kaulfussia, and in the details of the sporangium to Angiopteris; and this is 
probably its true position, though it would be accepted with greater confidence if the 
microscopic details were better known by a study of sections. 

The genus Oligocarpia (Goeppbrt) has been the subject of some divergence of 
opinion, and oflFers certain points of considerable interest. The genus as founded by 
GoEPPERT, has been considerably extended by the observations of Stur. If The species 
first made known (0. Guthieri, Goepp.) has a uniseriate sorus of 3-5 sporangia ; later 
described species show 6-7 sporangia, with one of these in a central position 
surrounded by the rest ; these lead to the case of 0. Brongniarti (Stur),*^ where there 
are usually seven sporangia, of which one is central ; there are, however, others with 
as many as twelve sporangia, of which 8-9 are peripheral, and 2-3 occupy a central 
position. This arrangement of the sporangia finds no parallel among living Marat- 
tiaceee, in which the sorus is always radiate and uniseriate, the central region being 
always unoccupied by sporangia. But in the genus Gleichenia the case can be exactly 

* Loc. cit, Plate 22, fig. 9. 

t Stur, loc, cit., p. G81, &c. 

J JWi.,p. 684. 

§ ' Cours,' III., p. 83. 

II Loc. cit, p. 685. 

f Ibid., p. 687. 

•• Ibid., p. 688, fig. 16. 
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matched. While most Gleichenias have a strictly uniseriate and radiate type of sorus, 
with relatively few sporangia, Gleichenia dichotoma ( Willd) shows a sorus with more 
sporangia, which are disposed in a peripheral series, with a variable number placed 
centrally. Sometimes there is a single central sporangium, sometimes two, three, 
or even four. Stur remarks* that in Oligocarpia the sori with most numerous 
sporangia are seated where nerves are so close together as not to allow space for 
development of the two sori individually ; this is precisely what may be observed in 
Gleichenia dichotoma. It is certainly interesting to note this correspondence of the 
modem Gleichenia with the ancient Oligocarpia^ and specially so since some authorst 
have referred the fossil to a Gleicheniaceous affinity. But it must not be assumed 
that the similarity of arrangement of the sorus will demonstrate an affinity in face of 
diffiirences of detail of the sporangia. We shall therefore turn to the examination of 
the latter. 

The sporangia are closely arranged on a relatively broad receptacle, and are of 
pear-like form, and quite separate from one another. The comparison with GleicJienia 
turns upon the presence of an annulus, and fissure-like dehiscence. As against 
the statement of Zeiller| that a transverse annulus exists, as in the Gleicheniaceee, 
SoLMS§ supports Stur's denial that such an annulus is to be seen, though the upper 
part appears to be occupied by strongly-thickened cells. Moreover Stur states 
that though he has examined hundreds of sporangia he has never seen one with a 
gaping dehiscence ; he describes a terminal hole or depression, and compares this 
with the porous dehiscence of Dancea. While we reserve an opinion as to the 
correctness of this comparison till details are better known, the absence or at least 
the great rarity of dehiscence suggests the question : what use would there be for an 
annulus such as Zeiller postulates if dehiscence by a slit does not take place ? The 
view which I am disposed to entertain is that Oligocarpia^ which is but incom- 
pletely known, is not necessarily to be ranked either with Marattiaceee or with 
Gleicheniacese, but it is probably one of those intermediate forms, showing affinities 
with both, which on general grounds we should naturally expect to have existed. 
We know as yet of no other fern type with porous dehiscence of an exannulate fi^e 
sporangium ; these characters in themselves, if established, should suffice to indicate 
an independent position, though probably with Eusporangiate affinities. 

And if such an uncertain view is to be entertained for Oligocarpia^ much more 
will the element of uncertainty enter into discussions of other fossils attributed with 
more or less certainty to the Marattiace®, such as SaccopteriSj DiscopteriSy &c. I do 
not think that any good morphological purpose can as yet be served by instituting 
strict comparisons of living forms with ferns known so imperfectly by impressions, 



• Loc, cit., p. 

t Zeillee, * Ann. Soi. Nat.,' 6, XVI., pp. 190-192 ; Renault, * Cours,* JIT., p. 67. 
t Loc. cit,, p. 191-192. 
§ * Fossil Botany,' p. 146. 
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and not by internal structure. Still Saccopieris (Stur) shows us a radiate though 
not simply uniseriate sorus, of separate sporangia, with oblique slit-like dehiscence ; 
a type of which the pollen sacs of Cycads are suggested by Stub as the nearest 
living representatives. The number of sporangia in the sorus is about fifteen, but in 
Discopteris (Stur) the number of the free sporangia may be 70 to 100, in the sorus. 
Whether or not these ferns are rightly attributed to the Marattiaceae (a matter 
on which I feel some doubt) they show at all events that ferns existed at the coal 
period, with sori not* simply uniseriate, and composed of numerous relatively small 
free sporangia, which did not conform to the annulate Leptosporangiate type. 

From examples such as those above noted, and they have been selected as those 
in which the details are best known, the similarity of the sori of certain eai*ly ferns 
to the modern Marattiaceae is sufficiently clear. But while modem MarattiacesB 
show differences of cohesion of the sporangia, this is still more obvious in the fossils, 
which range between the complete coherence of Asterotheca^ and the entirely 
separate state of those of Hawlea. One striking feature which is shared by all the 
best known of these Marattiaceous types is the almost circular, rosette-like form of 
the sorus, but all the living genera show a more or less elongated form of sorus, 
while in Dancea the sorus is commonly much longer than broad. The question 
then arises as to the existence of fossil types having a similar form of sorus. 

Under the names Danmtes and DancBopsis certain ferns are described, which, 
so far as can be judged from a study of impressions, appear to conform to the 
Dancea type of sorus ;* it is, however, an open question whether the relation of the 
sporangia to one another, and the mode of dehiscence, were exactly as in the modern 
Danaas. At least the ferns appear to be Marattiaceous, and have elongated sori. 
They are found in the Coal Measures, Keuper, and Lias. 

On the other hand, there are certain fossils of probable Marattiaceous affinity, 
known from well-preserved specimens, which show a disposition of the sporangia with 
less clear definition of the sori. Among these may be cited Sttjr's Grand' Eurya 
Eenaulti and G. Autunerisis. In these STURt speciaUy notes the arrangement of the 
sporangia, and his use of the terms " general sorus " and " special sorus " is a conse- 
quence of their indefinite grouping : for the individual sorus does not seem here to be 
definitely circumscribed, though the sporangia are often grouped together by fours. 
This arrangement may find its nearest parallel in that of the pollen-sacs of certain 
modern Cycads. 

Other early fossil ferns with a possible Marattiaceous affinity show even less 
definiteness of the sorus. Such is the case in the fragment named Myrioiheca by 
Zeiller,J in which the whole lower surface of the pinnule is covered by sporangia, 

* Sec Stub, loc, cit,, p. 778 ; Solms, loc. cit., p. 14i9. The earlier referenceB to these fossils are 
quoted bj these authors. 
+ Loc. ci't.y p. 677, &c. 
t ' Ann. Sci. Nat.,' Sur. 6, vol. 16, p. 186. 
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without apparent order. Zeiller's description and figures point to a Marattiaceous 
aflSnity for this fern, in whicli case it would be to those Marattiaceae with circum- 
scribed son, as Acrostichum is to most Poly pod iaceous ferns. With such types that 
of Senftenhergia might also be compared, though the true aflBnity of this fossil may 
be questioned ; here the large sporangia appear to be solitary. 

We have so far considered cases where the sori are on the under surface of the 
leaf; there remain to be noted those fossil ferns of probable Eusporangiate aflBnity, in 
which the sori or sporangia are marginal. Prominently among these are Grand' 
Eurya, Zeiller,* with its massive, apparently marginal sori, and the curious family 
of the Botryopteridese, described by RENAULT.t Such fossils as Calymmotheca and 
Crossotheca have also marginal fructifications, but it is impossible in the present 
fragmentary state of our knowledge to make much use of these for purposes of com- 
parison. One point at least they serve to illustrate — that whatever may have been 
the nature of their fructifications, they were seated in a marginal position, and the 
sporangia in certain of them were of size comparable to that of living Eusporangiate 
ferns. 

From the fossils above cited it is plain that in the earlier fern flora there was a 
greater variety of position, and of detail in the fructifications, than in the Marattiaceae 
of the present day. The latter illustrate one main type, upon which the four genera 
show certain variations. The fossil ferns, which we believe to have been more or 
less allied to them, were more varied. Nevertheless, there were among them certain 
plants which correspond in a remarkable degree, even in the details, with modern 
Marattiaceae, and the most closely comparable types yet known are those in which the 
details are in best condition for microscopic study, viz., Scolecopte^^is ^elegans and 
Ptcopteris unita. 

Theoretical Considerations based upon Comparison of Fossil and Modern 

Marattiacke. 

Certain theoretical questions may now be discussed on the basis of such data as 
have been collected in the preceding pages. But in so very ancient a family it will 
be readily believed that finality of opinion will be difficult to attain, and we can 
hardly look for actual demonstration ; it will be necessary to be satisfied with a 
consideration of probabilities. 

As regards the distribution of the sori on the sporophyll we note as facts of interest, 
among the fossils described as belonging to the Marattiaceae, that in certain cases the 
sori appear not to be segregated {Myriotheca)^ in others they are not clearly defined 
(Grand' Eurya), while in all the living genera they are commonly isolated on the 
under surface of the leaf. But even here they are not always strictly defined, for 

• * Ann. Soi. Nat.,' Ser. 6, vol. 16, p. 303. 

t * Cours.,' in., p. 100, <kc., originally described in * Ann. Sci. Nat.,' Ser. 6, vol. 1, p. 220. 
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they show occasional abstrictions. These facts plainly correspond to those well known 
in Leptosporangiate ferns ; as in them, so here, it should be recognised that the 
cu'cumscribed sorus is only the prevalent, not the exclusive type, while in the 
Marattiaceae it is the fossils which supply the less definite examples. On the question 
of origin of the definite sorus, Stub (loc. cit., p. 792), after remarking that types with 
solitary sporangia lived simultaneously with those in which sporangia are united into 
true sori, proceeds (p. 793) to state that " Hapalopteris is more recent than Senften- 
hergia" that is, '' the species with solitary sporangia are older than those in which 
the sporangia appear gathered in irregular groups." I do not think that this can be 
accepted as a general statement of a morphological progression. It appears to be 
based upon observation of two genera only, important and early though they certainly 
are. Before it can be considered as established on palaeontological grounds alone, the 
absence of ferns with clearly defined sori of prior date and of reasonably close aflBnity 
would need to be demonstrated ; but it is to be remarked that various genera with 
definite sori {e,g.^ Oligocarpia, Saccopteris) are recorded by Stub himself from the 
same strata as HapalopteHs, and even DancBites, which has a most compact and 
circumscribed type of sorus, is accepted by him as simultaneous with that genus. 
The question of time and mode of origin of the definite sorus would thus appear to be 
still an open one ; the palaeontological facts are not suflScient to justify a general 
statement on the point, in view specially of the fact that there is evidence of ferns 
with considerable variety of structure having existed at the time of the Culm and in 
the Devonian period. 

The form of the sorus in the MarattiacesB when it is circumscribed, varies consider- 
ably, though, as above noted, its plan of construction is remarkably uniform, being 
of the radiate iiniseriate type. It may be almost perfectly circular {Asteroiheca^ 
Scolecopteris)^ or more or less elongated (Kaulfussia^ Marattiay Angiopteris), or 
elongated to a very considerable extent {Dancea, Danceites). It would appear that 
very much the same extreme variations of form of the sorus are found among the 
early fossil Marattiacese as in those of the present day : but there is not suflicient 
evidence to show on palaeontological grounds how far the two types are related by 
descent, and if they be so, which type, the circular or the elongated, was the prior, 
and which the derivative ; for both types appear in the lower Coal Measures, though 
Saccoptens with a circular sorus is believed to occur in the Culm. On comparative 
and developmental grounds, however, the question may be approached. 

There is among the early fossil ferns a distinct prevalence of the type with sori 
arranged with regularity in a single row on either side of the midrib of the leaf- 
segment, an arrangement which is maintained in our modern Oleichenids, in 
Angiopteris, Marattia, and Dancsa (with occasional exceptions), but not in Kaulfussia. 
In many of the fossils the form of the sorus is circular, and the number of sporangia 
small {Scolecopteris, Asterotheca, Hawlea^ OUgocarpia) ; and partly on the ground of 
its early prevalence, partly on developmental grounds which will be explained in con- 
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nection with the details of septation, I think it reasonable to regard the circular sorus 
with few sporangia as a central type from which others were derived, especially such 
an extreme condition as that seen in DancBa^ though it is to be remembered that 
this type is recorded so early as the Carboniferous period. But whatever view may 
be taken on this point, the extremes are connected by intermediate examples, and it 
is no diflScult matter to see that a slight modification of a pinna with circular sori, by 
extension of the sori along the veins, might result in a type like Dancea, while in 
DancBa itself, the sori when abstricted (fig. 1) take a form very much like that normal 
for Kaulfussia. The instabiUty of form in the individual serves thus to connect the 
more divergent types; it suggests that the condition in Kaulfussia^ where the 
numerous circular sori are spread over a large leaf -area, may have arisen by extreme 
lateral extension of the wings of the pinna, accompanied by repeated abstriction of 
the sori during the process, after the manner shown in Dancea in fig. 1, a, 6, c : signs 
of such abstriction are still to be seen in Kaulfussia as shown in fig. 31. Such 
extension of sori following on the broader development of the leaf, will harmonise 
with the facts stated by Zeiller (* Bassin Houiller et Permien d'Autun,' pp. 23-4, 
also pp. 57-8), in the case of Pecopteris densifolia (Goeppert), Grand' Eurya 
Autunensis (Stur), and Pecopteris Platoni (Grand' Eury) (loc. dt.y pp. 3 and 53, and 
plate 8, fig. 7). If a widening of the pinnule were followed by an extension of the 
sori and their final abstriction, just such difficulties in definition of the individual 
sorus as he mentions in the former species would probably present themselves. 
Accordingly, while admitting that the matter is not susceptible of present proof, my 
own opinion is that in Dancea and Kaulftissia, which are the extreme examples of 
extension of leaf-area, while the leaves themselves are simply pinnate, or even 
unbranched {D. simplicifolia)^ extension was accompanied in the former genus by 
elongation of the individual sorus, in the latter by abstriction of sori, and that both 
were derived from the circular type of sorus so prevalent in early times, as exemplified 
by Asterotheca or Scolecopteris ; Marattia and AngiopteiHs, with their slightly elon- 
gated sori, would occupy a middle position. It will be shown that the facts relating 
to irregular and partial septationp in the Marattiaceous sorus will accord with these 
views. 

A further point for discussion is the relation of the sporangia to one another in 
the sorus. Among fossil and modem Marattiacew various gradations may be seen 
between such as have their sporangia quite separate, and those in which they are 
united from base to apex. Certain of those best known may be placed in series as 
follows, starting from those with separate sporangia : — Haivlea, Angiopteris, Scole- 
copterisy Asterotheca^ Kaulfussia^ Dancea. Without for a moment suggesting that 
such plants as those named ever constituted an evolutionary sequence, they at least 
show, within the limits of the Marattiacese, steps between the condition with 
separate sporangia, which is common for all Leptosporangiate ferns, and that 
synangial state which is one of the most marked characters of certain Marattiacese — 
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a peculiarity which they share, however, with various other Pteridophytes. It will 
be necessary, then, to consider upon all the evidence, whether the synangial state 
was the more primitive, or whether it resulted from the coalescence of parts originally 
distinct. 

The latter view has been commonly held by writers on the subject, but more 
often, perhaps, as an assumption following from the belief that the Leptosporangiate 
ferns with their separate sporangia, were the more primitive, than as the result of 
comparative and developmental study ; this opinion is reflected with varying dis- 
tinctness in the works of the earlier descriptive writers, by the use of such terms as 
*^ synangia," composed of *' connate sporangia," &c. As long as it is held that the 
Leptosporangiates are a relatively primitive type, and that the Marattiaceae, if not 
themselves derived from them, must have their morphology explained from the 
Leptosporangiate point of view, the assumption that their synangia are a result of 
fusion is a convenient, if not even a necessary consequence. But in recent years the 
relatively primitive character of the Eusporangiate ferns has been repeatedly insisted 
upon,* and I think the present position should be that they are to be taken on 
their own merits, and their morphology discussed independently of any question 
whether or not the results arrived at will harmonise with views as to descent from 
any Leptosporangiate ancestry. 

In his paper on the development of the sorus of Marattia, Luerssen (1872), 
upheld, as against the prevalent theory of coalescence, that the sorus of Marattia is 
really a multilocular sporangium (" vielfacheriges Sporangium"), and not a sorus. 
He rejects {loc. cit., p. 4) the analogy of AngiopteriSy remarking : " It is not clear 
why the organ of fructification of Marattia should be looked upon as a * sorus,' and 
the single loculi as 'sporangia.' To do so only on account of the analogy with the 
genus Angiopteris — ^leaving out of account the rest of the ferns— does not seem 
advisable." Luerssen was evidently struck by the probability of septation as 
accounting for the condition of the sorus of Marattia^ and it will be seen that his 
view of the sorus as a single partitioned body, rather than a body resulting from the 
fusion of sporangia originally distinct, has some affinity with the opinions expressed 
below ; but it is necessary that I should at once dissociate my own views from his 
as regards the comparison with Angioptens : the error which he made, was in under- 
rating the true similarity of the sorus in those obviously related ferns. And 
subsequent writers were not slow to take up this point. In Sachs's *Lehrbuch,' 
which reflects so admirably the current botanical opinion up to 1874, it is stated 
(p. 413) that the analogy with Angiopteris "clearly determines that in Marattia we 
have not to deal with a plurUocular sporangium, but with a sorus of which the single 
sporangia have fused one with another." Fresh developmental work was used as 
evidence in the same direction, and Goebel (* Bot. Zeit.,' 1881, p. 685) remarks 

* Campbbll, *Bofc. Gazette,' January, 1890. Bowrr, 'Annals of Botany,' vol. 5, p. 109. Campbell, 
' Mosses and Ferns,' p. 302, &c. 
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that " It is hardly necessary to state again that the fused sporangia of Marattia are 
a sorus, and not, as they had sometimes been held to be, a plurilocular sporangium ; 
this follows from the fact that each sporangium, as in Angiopteris, has its own 
special archesporium." 

We shall naturally accept the position that what is usually styled the sorus in 
Marattia is a true sorus, comparable with that of Angiopterisj and of various other 
ferns ; but the further point included in the above quotation from Goebel does not 
necessarily follow. Even if the fact were always as he states, that each sporangium 
has its own special archesporium, this does not by any means prove that it was 
separate by descent from its neighbours. And it has been shown above that, as a 
matter of fact, occasionally in Marattia, and much more frequently in Dancea^ each 
sporangium has not always its own distinct archesporium. Moreover, while using 
developmental evidence, little account has been taken by other writers of the structure 
of the septa which separate the loculi ; whereas their variable thickness and occasional 
incompleteness are matters very material to the question before us. It will thus be 
seen that the real nature of the sorus, and its mode of origin by descent, cannot be 
settled simply by brief allusion to the usually separate archesporia ; as regards the 
developmental evidence, the question must be considered as still an open one. 

Stub, having in view chiefly the data derived from the study of fossils, has also 
expressed his opinion as to the relative time of origin of the synangial condition in 
certain Marattiacese.* Having summarised into a tablet those fossils of the Culm, 
Coal Measures, and present periods, which he attributes to the Marattiacese, he argues 
on the point in question from the data in the table as follows J : — 

" DaruBites and Oligocarpia, both with sporangia dehiscing at the apex, are present 
alike in the lower Coal Measures (Unter-Carbon), while Saccopteris with sporangia 
resembling pollen sacs dehiscing at the apex, is believed to have existed in the Culm 
(" schon im Culm zu vermuthen ist "). Accordingly the flask shaped coalescent § {sic) 
sporangium would be earlier, having appeared at the time of the Culm, while its 
coalescence first appeared in Danceites in the lower Coal Measures (Unter-Carbon)." 

" Accordingly the coalescence of sporangia to a star-shaped (Scolecopteris) or linear 
(Danmtes) sorus was more recent than the first appearance of the correlative non- 
coalescent sporangia." 

" The types of Senftenbergia in the Culm, of Scolecopteris and Renaultia in the 
upper Coal-Measures (Ober-Carbon), and of Marattia at the present time, indicate 
three difierent stages of the Marattiaceous fructification attained by modification." 

From the above quotations it is plain that Stub contemplated a progressive 

» ' Sitz. d. Wien. Akad.,' 1883, Abth. 1, p. 633, Ac. 
t Stub, loc, cit., p. 791. 
X Loc, cit, p. 793. 

§ The word " verwaohseno *' in the text must, I think, be a mistake for " unverwaehsene,'' for Sac- 
copteris^ to which it is applied, has non-coalescent, separate sporangia. 
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coalescence of sporangia to form synangia, and read the palaBophytological recoini as 
establishing this opinion. I do not think that this conclusion is sufficiently justified 
by the facts. We may put aside Senftenhergia on the double ground that its affinity 
with the Marattiacese is uncertain, and that, its sporangia being isolated, and not 
associated into sori, it cannot be used in argument as to the progressive changes 
within the sorus itself at that early period. The argument of Stur as to the later 
appearance of coalescence of sporangia within the sorus, turns then upon the case of 
SaccopteHs ; but even Stur himself does not go further than saying that this plant 
is believed to have existed in the Culm (" im Culm zu vermuthen ist ") : it is present, 
certainly, he states, in the lower Coal Measures ; but he admits that Danosites is 
also present in the lower Coal Measures, and that is a type in which the synangial 
condition is seen in its most pronounced form. So that, as far as there is really secure 
evidence from forms admitted to be Marat tiaceous. it would seem that the geological 
record shows a simultaneous appearance of the two types in the lower Coal Measures, 
and therefore will not serve to decide the priority either of those with sporangia 
distinct in the sorus, or with the sporangia united in a synangium. 

In this connection the recently expressed opinion of Renault is of especial 
interest (* Gites Mineraux,* vol. 4, p. 5). Speaking of the true " Pecopteris/* by 
which name he designates those with " sporangia grouped in a sorus," he remarks 
that " hitherto the true Pecopteris appeared peculiar to the upper Coal Measures, we 
therefore think it interesting to indicate their presence in the quartzes of Esnost ; 
these quartzes enclose, as is known, the remains of Bomia, of stems and branches of 
Lepidodendron^ the anthracites which accompany them have yielded impressions 
of Cardiopteris, and oi Bornia; all this leads to the supposition that they belonged 
to an epoch much more ancient than that of the upper Coal Measures, for instance, 
to the Culm." 

The last passage above quoted from Stur, in which he selects Senftenhergia^ 
Scolecopterisy Renaultia, and Marattia^ as indicating stages in the progress of the 
Marattiaceous sorus, cannot be accepted as cogent, when it is remembered that 
Senftenhergia is of doubtful affinity, and that Danceites with its synangial sorus is 
recorded from older strata than any of the other three. My own opinion is that, 
even without urging strongly the inherent weakness of negative evidence, which 
would lay stress on the fact that certain types are not yet recorded from certain 
strata, the question of the time and mode of origin of the synangial sori cannot be 
settled on the ground of present palaeophytological knowledge ; as regards the fiacts 
available from the study of fossils the question should be regarded as still open. 

The most that can be said with certainty is that the earliest ferns of which the 
sporangia are at all accurately known have separate sporangia ; but on the other 
hand, both the type with coalescent sporangia, and that with separate sporangia 
associated in a sorus, are very ancient, and have been recognised as having existed 
already in Marattiaceous ferns from the lower Coal Measures. In arriving at these 
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conclusions I do not ignore the possibility that ferns interesting for comparison, or 
even of truly Marattiaceous character, may have existed earlier. I would on the 
contrary suppose that very important links in the chain of evolution existed before 
those taken by Stub as the basis of his argument. It is true that Senfienbergia 
is recorded from earlier rocks than well authenticated Marattiacese ; but its affinities 
seem to be with the Schizseaceae rather than the Marattiaceaa. In the fact that it is 
perhaps the earliest recorded fern in which the details of the sporangia are well 
enough preserved to form a basis for comparison, I see no sufficient reason for 
regarding it as a Marattiaceous ancestor, or even as representing a condition ever 
passed through in the evolution of the Marattiacese. Moreover, it is not the 
earliest known fern; those of the Devonian period have also to be remembered, 
while in the Culm there is evidence of a considerable and varied fern flora : this has 
been brought into prominence afresh by Solms-Laubach's recent revision of the 
fossil plants described by Ungbe from the Unter-Culm (* AbhandL d. k. Pr. Geol. 
Landesanstalt,' Neue Folge, part 23). The variety of structure of fern petioles there 
described is considerable ; it is reasonable to suppose that this variety of vegetative 
structure was accompanied by variety of the sorus, and it should at least be a 
warning against generalisation in such a case as this from few facts. It is quite 
possible that the differentiation both of synangial sori, and of those with separate 
sporangia, either grouped in sori or solitary, may have been of much earlier date than 
those used as the basis of his argument by Stub. 

Another consideration will make the conclusion of Stub seem questionable; 
perhaps no feature in the Marattiacess is more remarkable than the persistence of 
type from the remote past to the present day. Stub himself points this out {loc. cit., 
p. 796). Are we to believe that this type which has virtually stood still through 
so many successive geological periods, was so quickly plastic at the Carboniferous 
period as to show a progression from a type with entirely separate sporangia, as seen 
in Senftenhergia^ to the completely synangial condition seen in Darumtes^ between 
the Culm and the lower Coal Measures ? I think such a suggestion is improbable, 
though, of course, it is not impossible. 

Accordingly, whether we discuss the form of the Marattiaceous sorus, or the 
relations of the sporangia composing it, it appears desirable to return to comparative 
and developmental considerations derived from living Marattiacese, and see how far 
the facts detailed above may serve as a basis for views such as shall not be incom- 
patible with the fossil evidence. 

It cannot fail to strike even a superficial observer how great is the similarity of the 
sorus o{DancBa to the fertile spike in Ophioglossum. Notwithstanding that the former 
is applied throughout its length to the lower surface of the leaf, while the latter is a 
body which rises fi^e and erect from the upper, still they resemble one another in 
being composed essentially of two parallel rows of laterally fliattened sporangia, which 
are of approximately uniform size, project only slightly at the surface, are separatecl 
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froin*one another by septa of variable thickness, and produce numerous homoeporous 
spores. The difference of position of the two bodies would be sufficient to preclude 
any suggestion of homology ; but as I have elsewhere explained, the mere search 
after homologies is not the mait) feature in our morphological study : it is a matter of 
deeper interest to inquire after the probable method by which parts so different in 
position, but so similar in structure and function as the spike of Ophtoglassum and 
the sorus of DancBa, may have come into existence. 

In a former Memoir (Studies II., Ophioglossaceae) I have discussed the morphology 
of the spike of Ophioglosmm^ and found that the details of development are compatible 
with a view of its origin by septation from a simpler non-septate body. It was seen, 
moreover, that such a process of septation, producing somewhat similar results, has 
occurred not uncommonly in the Anthers of Angiosperms. Comparative evidence 
was also adduced which supported the view of septation for Ophioglossum. Having 
thus the analogy of anthers of Angiosperms, and (on my view) that of the spike of 
Ophioglossum before us, it may be inquired what bearing the developmental facts 
have upon the origin of the sorus in Danma ; do they support a theory of fusion or of 
septation as explaining the present structure ? 

It has been seen that in the synangial genera of Marattiaceae a ** superficial parent 
cell " commonly gives rise to the sporogenous group, together with the cap of tissue 
covering it, while a band of tissue, which develops into the septum together with the 
tapetal layer on either side of it, separates the sporogenous groups one from another. 
Such a structure of the young synangium would be compatible either with a view of 
progressive septation or of sporangial fusion, if the septa were of unifoim thickness, 
and the archesporia all distinct from one another. Goebel has already used the 
developmental evidence in favour of the theory of fusion, assuming, in accordance 
with his own observations on Marattia, that there is this uniformity. 

But it has been a matter of special description and remark in the above pages, that 
in Dancea there are palpable departures from regularity, also though less commonly 
in Marattia and Kaulfussia^ and occasionally in Angiopteris. The chief points 
material to the present question are the following : — 

(1.) The great variability of size and shape of the single loculus. A glance at 
fig. 20, or fig. 58 shows this very clearly; or if the comparison be based upon 
enumeration of the sporogenous cells, the extreme cases shown in fig. 11, which were 
drawn from the same leaf and are of similar age, may be quoted ; extreme variability 
of the loculi is seen at the ends of the sori in Dancea (fig. 13). Such differences are 
certainly rare in ferns with separate sporangia, and would not be probable if the 
synangium were the result simply of lateral fusion of such sporan^. A special 
interest attaches to those cases where the sporogenous group is not referable to a 
single parent cell ; it is diflBcult, on a view of coalescence of sporangia, to understand 
how such a condition would have come into existence. 

(2.) The occurrence of incomplete septa, and of sporangia in equal pairs suggesting 
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a process of septation, is a feature which is by no means uncommon in Dancea 
(fig. 20), especially where the sori are long ; it occurs also, though less frequently, in 
Kavlfussia and Marattia, but is rare in Angiopteris. It may, therefore, be taken to 
be a special feature of the synangial forms, and is most prominent when the sori are 
longest. This is a point of the greatest importance as bearing on the theory of the 
sonis. 

(3.) Closely connected with the occurrence of incomplete septa is their variable 
thickness, and this has been described in detail. From the usual septum, consisting 
of some two or three layers of permanent tissue, with transitory layers of tapetum 
on either side, all gradations of thinning oflF of the septum may be found in Dancsa, 
to the condition of a simple tapetal layer (fig. 28), and even onwards to the mere 
encroachment of tapetal cells into the simple sporogenous group. 

(4.) The occasional development in Dancea of cells outside the definite sporogenous 
group as fertile cells (fig. 21), and conversely of cells of the sporogenous group as 
sterile cells (figs. 22, 23), shows that the fertile tissue is not so strictly defined in this 
genus as it is usually found to be in other ferns. 

Now it is possible to read these facts as consistent with either a view of progressive 
coalescence of sporangia originally separate, or of a progressive septation of a less 
completely septate sorus. If the former view be taken, then the sorus of Dancea ^ 
which shows the features mentioned more commonly than other genera, would be 
held to have been descended from a type with sori even more elongated than those of 
the present day. But Dancea is the genus of Marattiacese which has the longest 
sori known in the family. I am not aware that any genus of Euspomngiate ferns, 
fossil or modem, has been described with sori longer than Dancea^ and with separate 
sporangia. In the absence of evidence that any such supposititious ancestor ever 
existed, the view that the above phenomena in the sorus of Dancea imply coalescence 
of sporangia previously distinct appears to me to be without proper foundation. 

But if we contemplate the converse view, that the characters described are evidence 
of septation of a body originally of less complex structure, some important considera- 
tions may be brought forward in support of it. Dancea is a broad-leaved type ; 
the outline of its sori, which are the longest in the family, suggest that they have 
followed the broadening of the leaf or pinna, and that they are the result of extension 
rather than contraction. If derived from some average Marattiaceous type, with less 
elongated synangial sori (such as is represented in early rocks by Asterotheca or 
Pecopteris unita), an increase of septation as the sorus elongated would be a physio- 
logical advantage, if not even a necessity. There is thus a reasonableness in the 
suggestion that the present condition of the sorus has been the result of progressive 
septation, following on elongation of the sorus. Strong support of this is to oe found 
in the analogy of septate anthers of certain Angiosperms, which show a close 
structural parallel to the details described for the sorus of Dancea. I have elsewhere 
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dealt with septate anthers,* and it cannot be doubted, I think, for those genera of 
Onagraceae in which tlie anthers are septate, that they were derived by septation 
from the ordinary Angiospermic type, the anthers, for instance, of Graura, Clarkia, 
and Eucharidium being in other respects normal. But in these not only are the loculi 
of unequal size, bb are the sporangia of Dancea, but the septa also vary in thickness, 
being sometimes composed of a band of permanent tissue with tapetum on either 
side [compare fig. 15 of Dancea with fig. 54 (Plate 4, loc. cit) of Clarkia] ; sometimes 
they are thinner, and may even consist of only a single layer of tapetum [compare 
fig. 28 of Dancea with fig. 53 (Plate 4, loc. cit.) of Gaura^. Moreover, in the mature 
anther of various Angiosperms, which show such septations, partial septa similar to 
those of DancBa may be seen. I do not think that these are merely fortuitous 
resemblances ; it seems much more probable that this similarity of detail, in plants 
so fai* apart systematically, is a consequence of a similar morphological advance, in 
either case by subdivision of loculi previously less completely septate. The analogy 
of the septate anthers of Angiosperms shows, in any case, that the similar details of 
structure in Dancea are consistent with a theory of progressive septation of the 
sorus ; this again is in accord with the results of comparison with other Marattiaceae, 
on which ground it seems probable that the sorus of Dancea has been subject to 
elongation. 

Partial septa are also found in Kavlfussia and Marattia^ though less commonly. 
These are genera with slightly elongated sori, and if they have been derived fh>m a 
type with a circular form of sorus, such as that of Asterotheca, the partial septations 
might be regarded as related to the elongation of the sorus, just as in Dancea^ though 
in a less prominent degree. 

The facts and argiunents contained in the above pages are not put forward as 
leading to any definite demonstration as to the mode of origin of the Marattiaceous 
sorus, or as to the relations by descent of any of its various types. The contention 
which I do press, however, with some persistence, is that these que.stions are still 
open, notwithstanding that writers of authority have treated them as already 
decided, whether by evidence from fossils, or from development of living forms. I 
have above pointed out how in my opinion the palseophytological evidence is insuflS- 
cient to prove the priority in the Marattiaceae either of the type with separate 
sporangia, or of the synangial type. As far as I can see, the facts from fossils would be 
consistent with either view. Nor does the argument from comparison and develop- 
ment of living forms lead to any definite conclusion, so long as we treat the 
Marattiaceae on their own merits, and do not proceed on the assumption that they 
were descended from Leptosporangiate ferns. Comparing them, inter se, it would be 
possible to interpret all the facts as consistent either with a progression from a 
synangial state to sori with separate sporangia, or as consistent with a progressive 
coalescence. This conclusion will I think be admitted by those who follow all the 

* • Studies/ II., pp. 1-6. 
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details above described, and I consider it to be the most important result of this 
investigation. 

But it is our duty not only to contemplate possible views, but to decide which is, 
in our own opinion, the more probable. Having in view, in addition to the facts 
from palaeontology and from the study of development, the comparison with other 
Pteridophyta and the facts from septate anthers of Angiosperms, it seems to me 
probable that a progressive septation has taken place in certain types of Marattiacese, 
where the sori are elongated, such as Dancea, and in a less degree Marattia and 
Kaulfussia. It may be a question how far a similar septation may be accountable 
for the origin in the first instance of a sorus with a plurality of sporangia united 
together, as in Asterotheca, though I think this not improbably the mode of their 
origin. I am disposed to regard such synangial types as being probably the more 
primitive, and to think that a progressive separation of the individual sporangia has 
led from these to such a type as Angiopteris or Hawlea. This view is at least 
consistent with the facts, so far as I understand them, though it is not put forward 
as in any way demonstrated. A full discussion of this matter will, however, be 
deferred for the present ; it will find its best place when the Leptosporangiate ferns 
have been examined, and it is to them that the next part of these Studies will be 
largely devoted, while it will also include a discussion of the morphology of the 
spore-producing members of Pteridophytes at large. 

Certain of the facts brought forward in this Memoir have a general bearing. It 
follows from the occurrence of partial septa, and of gradual steps in septation, that in 
the cases where this occurs the identity of the individual sporangium is not main- 
tained. Seeing, in the Leptosporangiate ferns, the wonderful specialisation of the 
sporangium, and the regularity of its segmentation, the mind is disposed to accord to 
it a definite individuality ; but this is only a character of this highly -specialised 
series, and is in itself one of the most clear marks of their specialisation. In such a 
leaf as that illustrated in fig. 30, the identity of the single sporangium seems quite 
lost, and it may be left as an interesting matter for reflection whether or not such a 
condition is to be considered as more primitive than the highly-individualised 
sporangia of a Polypodium. 

Again, it is a matter of general interest to note any ftirther example of the want of 
a definite limit of sporogenous tissue. In Dancsa each sporogenous group is commonly 
derived from a single parent cell, and forms a dearly-defined body of cells, but, 
occasionally, a cell-packet outside the definite group becomes sporogenous (fig. 21), 
while conversely, certain cells of the definite group do not develop as spores, but as 
tapetum (figs. 22, 23, 26, 27). Such cases show, as has already been remarked else- 
where,* that the limits of spore-producing tissues are not constant in the individual 
plant, and that normally vegetative tissues may at times be sporogenous, and 
normally sporogenous tissues may be diverted to a vegetative function. 

• • Phil. Trans.,* B, 1894, p. 553. 
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Description of Figures. 
Damm. Figs. 1-30. 

PLATE 7. 

Fig. 1. Dancpa alata (Smith), a, a fertile pinna, with many normal son ; the arrow 
indicates an abnormal fission. &, c, show more numerous abnormal 
fissions, resulting in irregularly-formed sori distributed over a slightly 
enlarged leaf-surface. ( X 2.) 

Fig. 2. D. dliptica (Smith). Vertical section through two sori («). i = iudusiumi 
v.b. = vascular bundle. (X 10.) 

Fig. 3. Ditto, tangential section of sporophyll, traversing parts of three uori. 

(X 10.) 

Fig. 4. Ditto, section traversing one sorus longitudinally. (X 10.) 

Fig. 5. Ditto, a similar section, showing partial septa, (x 10.) 

Fig. 6. Ditto, vertical longitudinal section of a young sorus, showing three loculi, 
with various segmentation. (X 150.) 

Fig. 7. Ditto, similar loculi, illustrating extremes of variability of size and segmen- 
tation. (X 150.) 

Fig. 8. Ditto, an unusually large loculus^ with somewhat irregular relation of the 
surrounding tissue as regards segmentation, (x 150.) 

Fig. 9. Ditto, with very regular segmentation. (X 150.) 

Fig. 10. Ditto, tangential section, traversing a sorus, and again showing uregularity 
of the segmentation. (X 150.) 

Fig, 1 1. Ditto, extreme cases of variability of form and segmentation of sporogenous 
groups, all taken from the same leaf. ( X 150.) 

Fig. 12. Ditto, vertical section through a typically regular sorus. (x 150.) 

Fig. 13. Ditto, tangential section traversing the end of a sorus, and showing the 
irregular form of a terminal loculua (X 150.) 

Fig. 14. Dancea alata (Smith). Vertical section through a rather older loculus, 
showing unusually regular segmentation. The number of cells of the 
sporogenous group traversed is 108. (x 150.) 

Fig. 15. D. elliptica. Tangential section traversing a sorus of very r^ular segmen- 
tation, and older than that shown in fig. 10. (X 150.) 

Fig. 16. Ditto, tangential section traversing the superficial tissue of a sorus, and 
showing the regions of future dehiscence. (X 150.) 

Fig. 17. D. alata. Vertical section through apex of a loculus prior to dehiscence. 
(X 150.) 

Fig. 18. Ditto, at the time of dehiscence, (x 150.) 

Fig. 19. />. elliptica. Pores of dehiscence, as seen from above. (X 150.) 
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Figures illustrating Partial Septations. 

Fig. 20- D. elliptica. Tangential section through three sori, showing the loculi in 
ground plan. There is great variety in the size and form of these, and 
in the thickness of the septa. The latter are often thin, so that pairs of 
loculi are in close juxtaposition. The loculi marked with crosses are of 
unusual size, and show one or more partial septations. ( X 20.) 

Fig. 21. D. alata. Part of a sporangium, with the sporogenous cells deeply, and 
the tapetum lightly, shaded ; one packet of sporogenous cells is seen 
extending beyond the general limits of the group. ( X 150.) 

Fig. 22. D. elliptica. Part of a loculus, showing one cell (st) developing as a large 
sterile cell, though it is evidently a sister-cell of the sporogenous cells. 
(X 150.) 

Fig. 23. Ditto, another clear example of the same. (X 150.) 

Fig. 24. Ditto, the tapetal cells appear to have encroached, as rounded sacs, tipon 
the sporogenous mass, (x 150.) 

PLATE 8. 

Fig. 25, a, 6, c, d. Ditto, in some cases it is doubtful whether the sterile cells are 
the result of encroachment or of conversion of sporogenous cells. ( X 1 50.) 

Fig. 26. Ditto, a large loculus, showing a median constriction, opposite to which 
the cells marked (?) show intermediate characters between tapetum and 
true sporogenous cells, (x 150.) 

Fig. 27. Ditto, a very large loculus, showing two similar constrictions, indicative of 
partial septation into three. (X 150.) 

Fig. 28. Ditto, a bridge of tapetal cells which extended completely across a loculus, 
forming a temporary septum. ( X 150.) 

Fig. 29. Ditto, a broader bridge of tapetal cells, with a partial septum of permanent 
tissue within, the cells of the latter being indicated by heavier lines. 
(X 150.) 

Fig. 30. Ditto, three loculi, with septa ; that between h and c is a permanent 
septum of the normal type ; that between a and 6 is a temporary 
septum of tapetal cells, with only a very slight encroachment of per- 
manent tissue, indicated by heavier walls, (x 150.) 

Kavifussia cBSCulifolia (Blume). Figs. 31-44. 

Fig. 31. Sori of Kavlfussia, showing states of partial to complete abstriction ; 

fy g^ are seen irom below ; st is the common stalk of the double sorus. 
Fig. 32. Young condition of the sorus, which is but slightly raised above the surface 

of the leaf, as seen in vertical section ; the position of the two sporangia 

is indicated by shading. ( X 20.) 
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Fig. 33. Pait of a similar section on a larger scale, showing a sporogenous group 

(shaded), (x 150.) 
Fig. 34. Ditto, more advanced, (x 150.) 
Fig. 35. Ditto, still further developed, (x 150.) 
Fig. 36. Ditto, the apex of the sporangium is now overarched by the more active 

surrounding tissue, the section having traversed the slit-like dimple, 

at the base of which the sporangium lies. ( X 150.) 
Fig. 37. Transverse section through a sorus traversing four young sporogenous 

groups. (X 150.) 
Fig. 38. Similar section of part of an older sorus. (X 150.) 
Fig. 39. Tangential section (such as along the line ac, a;, "fig. 34), traversing two 

sporogenous groups, and illustrating the similarity of origin of the 

sporogenous groups, and of the septum, (x 150.) 
Fig. 40. The slit-like dimple shown in tangential section is very narrow, (x 150.) 
Fig. 41. The slit-like dimple in transverse section. (X 150.) 
Fig. 42. Extension of irregular tracheides from the vascular bundle upwards into 

the base of the sorus. (x 150.) 

PLATE 9. 

Fig. 43. Vertical section of mature sorus. ( X 20.) 
Fig. 44. Ground plan of mature sorus. ( X 20.) 

Marattia fraxinea (Smith). Figa 45-64. 

Fig. 45. Very young sorus in vertical section, (x 300.) 

Fig. 46. Ditto, older, (x 300.) Compare line of section a, a, in tig. 47. 

Fig. 47. Tangential section, showing a sorus of the same age as fig. 46, in ground 

plan. (X 300.) 
Fig. 48. A section through the young sorus corresponding to the line 6, 6, in fig. 47. 

(X 300.) 
Fig. 49. Vertical section of rather older sorus (x 300), sporogenous group shaded. 
Figa 50, 51. Ditto, still further advanced, (x 300.) 
Figs. 52, 53. Transverse sections showing the common type of sporangium of age 

corresponding to fig. 51. 
Fig. 54. Transverse section rather older. (X 300.) 
Figs. 55, 56, 57. Sections radial, tangential and transverse through a sporangium 

with sporogenous group ready to undergo separation, and tetrad division 

of the sporogenous cells. (X 150.) 

PLATE 10. 

Fig. 58. Three sporangia of similar age to the above, showing how variable the size, 
form, and segmentation of the sporogenous groups may be. ( X 300.) 
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Figs. 59, 60. Outlines of other sporogenous groups. (X 300.) 

Figs. 61, 62. Examples of sporogenous groups which appeal- referable in origin to 

more than a single parent ceil. ( X 300.) 
Fig. 63. Unusually large sporangium, showing ingrowth of tapetal cells, so as to 

encroach largely upon the sporogenous tissue. (X 150.) 
Fig. 64. Partial septation of a sporangium ; the tapetal septum is complete, but there 

is only a slight indication of encroa<5hment of permanent tissue on the 

loculus. Compare figs. 29, 30 o£ Dancea. (x 150.) 

Angiopteris evecta (Hofi'm.). Figs. 65-81. 

Fig. 65. Part of a young sorus, seen in surface view from without. ( X 300.) 

Fig. 66. Vertical (radial) section of a sporangium, such as would be seen on cutting 

the sporangium (6) of fig. 65, along a line x^x. (x 300.) 
Fig. 67. Tangential section through a similar sporangium, (x 300.) 
Fig. 68. An older sporangium in vertical (radial) section, (x 300.) 
Fig. 69. Transverse section of a similar sporangium along the line x, x, in fig. 68. 

(X 300.) 
Fig. 70. Tangential section of a rather bulky sporangium showing such structure as 

might be seen if fig. 68 were cut in a plane y, y. (x 300.) 

PLATE 11. 

Fig. 71. Vertical (radial) section of an older sporangium, which still shows the 

genetic grouping of the cells. ( X 300.) 
Fig. 72. A similar section of an older sporangium. (X 300.) 
Fig. 73. Transverse section of a similar sporangium, such as along a line z, z, in 

fig. 72. (X 300.) 
Fig. 74. Tangential section of a similar sporangium, such as along a line y, y, in 

fig. 72. (X 300.) 
Fig. 75. Apical region of an almost mature sporangium in tangential section, showing 

•the thin- walled cells which define the line of dehiscence. ( X 300.) 
Fig. 76. Apex of an almost mature sporangium, seen from above ; such a section as 

along the line x, x, in fig. 72. (x 150.) 
Fig. 77. Transverse section of an almost mature sporangium. (X 300.) 
Fig. 78. a, &, c, irregularities of sori. (x 35.) 
Figs. 79, 80, 81. Sporangia from the same pinnule, cut transversely. Fig. 79 is 

normal. Figs. 80, 81 show very large sporangia, with indications ot a 

partial septation in fig. 81. (X 300.) 
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III. On the Structure and Affinities of Fossil Plants from the Palceozoic Rocks. — II. 
On Spencerites, a new genus of Lycopodia^ceous Cones from the Coal Measures^ 
founded on the Lepidodeudron Spenceri of Williamson. 

By D. H. Scott, M.A.^ Ph.D.^ F.R.S., Honorary Keeper of the Jodrell Lahoratoiy^ 

Royal Gardens^ Kew. 

Received November 2, — Read November 18, 1897. 

[Plates 12-15.] 

iNTRODUCrnON. 

The fossils which form the subject of the present paper are Cryptogamic strobili 
showing evident Lycopodiaceous affinities, but differing in important points from 
other fructifications of that family, so that it appears necessary to establish a new 
genus for their reception. The specimens are derived from the Coal-measures of 
Lancashire and Yorkshire, and are calcified, the internal structure being thus 
preserved in considerable perfection. 

As our present knowledge of the forms in question is entirely due to the researches 
of the late Professor W. C. Williamson, it will be necessary to give a short historical 
summary of the results which he attained, before going on to my own observations. 

The first specimen described by Williamson* was a strobilus, of which he 
received sections from Mr. Spencer and Mr. Binns, of Halifax. From this material 
he gained a general idea of the structure of the axis, and showed that the 
sporangiophores are spirally arranged, and of peltate form, each bearing a single 
sporangium on its upper surface. He pointed out the peculiarities of the sporangial 
wall, in which this fossil differa from typical Lepidostrohi, and described in great 
detail the form and structure of the remarkable winged spores, as to the true nature 
of which he was in much doubt. It is unneceissary to follow his arguments in detail, 
but it may be mentioned that he had at that time already detected the minute spore- 
like bodies which sometimes occur inside the large spores, and that he interpreted 
the wings of the latter as consisting of their barren sister-cells, a view which no 
longer appears to be tenable.t 

• " Organiaation of the Fossil Plants of the Coal Measures," Part IX., * Phil. Ti-ans.,' 1878. Read 
in 1877. 

t Loc. cit. pp. 340-344, Plate 22, figs. 38-47 and 62.-57. 
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At that time Williamson called the cone merely a Lepidostrobus, without giving 
it any specific name, though he quite recognised its peculiar characters. 

In his next memoir,* the author described a second specimen of the strobilus, of 
which he had received two transverse sections, also from Mr. Spencer. He was 
thus enabled to give a fuller account of the anatomy than before, and to show that it 
possessed a " generally Lycopodiaceous aspect*' He points out, however, that we do 
not see in this cone "any traces of transverse sections of" the leaf-trace bundles 
** gi'ouped around the vascular axis, such as constitute so striking a feature of true 
Lepidostrobi" He emphasizes the ** very distinctive individuality " of the strobilud, 
and names it Lepidostrobus insignis. This name, therefore, has priority, as the first 
given to the specieat 

Ten years later, in 1889, Williamson, in his 16th Memoir, described specimens 
from Mr. Spencer, of a supposed vegetative stem, to which he gave the name of 
Lepidodendron Spencen.\ The anatomical features are described and figured, and 
attention is especially called to the occurrence of partially-developed tracheae in the 
middle of the woody axis, thus proving its centripetal development. Thi9 aiithor 
overlooked the remains of foliar organs, the bases of which are often visible in these 
specimens, and was under the mistaken impression that the outermost cortex had 
perished, which is certainly not the case. At that time he made no suggestion of 
any relation between Lepidodendron Spenceri and the strobilus previously described.§ 

In the last Memoir of the series, however,|| Williamson established the connection 
between the two. He says (p. 24) : " Since the last of the above Memoirs (Part XVI.) 
was published, I have obtained specimens highly suggestive of the probability that 
the strobilus of Memoir IX., and the twigs named L. Spenceri^ belonged to the 
same plant. This probability is now converted into a certainty by a specimen 
received from Mr. Lomax, and now represiented by fig. 4J, Plate 7. It is an obliquely 
transverse section through a branch of L. Spenceri (C.N., 624e, X 1 0), but at its upper 
extremity A, it bears a portion of the strobilus of Memoir IX" There is no doubt 
that the conclusion at which Williamson thus arrived is correct ; as we shall see, 
the so-called vegetative specimens of Lepidodendron Spenceri are nothing but the 
peduncles of cones. Unfortunately, the true vegetative organs, to which the fructi- 
fications belonged, are still unknown or imidentified. 

In this Memoir, the author maintained his former opinion that the annular wing 
surrounding each spore, consists of its three sterile sister-cells. A very important 
addition to our knowledge is the description in Memoir XIX., of a fine longitudinal 
section of a strobilus ; from this, Williamson rightly (though with some reserve) 



, iikilii_ 



* "Organization," Ac, Part X., ' Phil. Trans.,' 1880, p. 501. Read in 1879. 

t Loc. ciL pp. 601-2, Plate 15, figs. 11 and 12. 

X " Organiaation,'' &c., Part XVI., * PhiL Trans.,' 1889. 

§ hoc. cit, p. 199, Plates 7 and 8, figs. 19-22. 

II "Organization,'' &c., Part XIX., read 1892, published 1893. 
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determined the mode of attachment of the sporangia to the sporophylls, a point 
which, as we shall see, is of the greatest importance in fixing the taxonomic position 
of the species. 

In his 19th Memoir, Williamson points out that "the marked individuality of this 
rare type," " seems to justify its recognition as a distinct species." In his " General 
Index,*' however (Part IL, p. 24, 1893), he goes further, and speaks of Lepidodendron 
Spencerif as ** a small and rare Lepidodendroid form, which presents so many 
peculiarities in its fructification, that it may possibly be necessary sometime, to make 
it the type of a new genus." In the " Index " the author gives an account of the 
variations met with in the structure of the central cylinder, and gives a fiiUer 
description of the cortex than before. 

The only other account of the fossil known to me, is a short statement in Count 
Solms-Laubach's ' Fossil Botany,* in which the structure of the spores is described, 
and the resemblance of the axis to that of Lepidodendron Harcourtii pointed out.'^ 

The chief object of the present paper is to show, by means of a connected account 
of the whole structure, based on a comparative examination of the fairly numerous 
preparations now available, that Williamson's suspicion of the generic distinctness 
of this fossil is fully justified, and that it thus represents a new type of Lyco- 
podiaceous cone. A second species of the same genus will also be described. 

A word as to nomenclature is necessary at the beginning, in order that the same 
name may be used throughout the paper. 

As mentioned above, the specific name Spenceri^ must be dropped, for that of insignis 
has the priority over it by ten years. As the fossil is a cone and not a vegetative 
stem, it would thus bear Williamson's original name of Lepidostrohus insignis, were 
it not that its peculiarities, as will be shown below, demand generic separation. In 
order that the discoverer of the original specimens may still be commemorated, 
I have selected the generic name Spencentes, so that the species in question will be 
called Spencerites insignis, for which Lepidostrohus insignis, Williamson, 1879, and 
Lepidodendron Spenceri, Williamson, 1889. are synonyms. To this species all the 
specimens described and figured by Williamson in the * Phil. Trans.' Memoirs 
belong. There is, however, a second species, a specimen of which is referred to in his 
" General Index,"t but not discriminated. For the new species the name Spencerites 
majusculus is proposed. Generic and specific diagnoses will be given at the close of 
the paper, after the structure has been described. 



• * FossU Botany,' 1887 ; English Edition, p. 239. 

t Part 2, p. 24. This is the strobilos represented in the Williamson Collection by slides 624g 
and 624o. 
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I. Spencerites insignis (Williamson). 

1. The Axis and Bra>cts. 

It makes little difference whether the structure of the axis be studied in the 
peduncle or in the cone itself; the characters are pmctically the same, and present 
similar variations in both. The diameter of the axis ranges from 3 "5 to 5 millims. 
As the epidermis can usually be traced as a continuous and unbroken layer, there 
can be no question that the specimens are complete externally, and that no part of 
the outer cortex has been lost (see Plate 13, fig. 6). The specimens of the peduncle 
often show the remains of foliar appendages, which are sometimes reduced to mere 
shreds, and are never preserved entire. Fig. 6 shows the best specimens of one of 
these appendages which I have found. It has a somewhat conical form, and evidently 
represents the stalk only of the organ ; whatever there may have been of the natm*e 
of a lamina has perished, except for some torn shreds. These appendages closely 
resemble the stalks of the sporophylls in the actual cone (c/! Plate 14, fig. 11) ; on the 
other hand, they are totally unlike the bases of vegetative leaves in any of the 
Lycopods ; they are best regarded as sterile bracts. Their bases by no means cover 
the whole exterior of the stem, as is the case in the vegetative regions of Lepidoden- 
dron; a considerable part of the surface is left free. 

The material does not allow of the phyUotaxis being determined from the leaves 
themselves, for they are only preserved occasionally. From the position of the leaf- 
traces, however, some idea of the arrangement can be gained. On carefully following 
the leaf-traces in transverse section, through a complete circuit (not an easy under- 
taking, as their oblique course renders them excessively obscure), it appears that the 
arrangement is a very flat spiral.* The same conclusion follows, perhaps more clearly, 
from the examination of a tangential section through the cortex, as shown in Plate 13, 
fig. 7. The divergence between two adjacent leaves was about one-ninth or one- 
tenth of the circumference, as shown by the position of the leaf-traces in transverse 
sections, confirmed by a single case in which the bases of two adjacent leaves are 
preserved.t It is not improbable that at some places the spiral arrangement may 
have passed over into a verticillate one, with crowded alternating whorls. 

Passhig on to the anatomy of the axis, we find that the parts usually preserved are 
the following :— First, in the middle is the central strand of wood ; around this is 
usually a narrow empty space, from which the soft tissues (probably phloem and 
pericycle) have, as a rule, perished. Then we come to a zone which may be called 
the inner cortex, in which the sections of the leaf-trace bundles may oflen be seen. 
Beyond this is another space, more or less empty in most of the sections, and of consider- 
able width, representing the middle cortex, which in some cases is partly preserved. 

* C.N. 419fi, for example, and other sections of the same group of peduncles. 
t Slide No. 3 in my own collection. 
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To the outside of all is the zone of well-preserved, partly sclerotic, outer cortex, 
bounded externally by the epidermis, and bearing the foliar appendages, where these 
are preserved.* The chief variations in the structure of the central mass of wood 
have already been described by WiLLiAMSON.t Sometimes the tracheae occupy the 
whole area, extending quite to the centre ; in other sections a few thin- walled cells 
occur in the middle of the strand ; in others again, the central thin-walled tissue is 
more extensive, and appears to deserve the name of a medulla. These variations 
occur both in the sterile region, which I regard as peduncle, and in the strobilus 
itself.| 

Longitudinal sections show that the central thin-walled cells, when present, are 
prosenchymatous (Plate 13, fig. 8b, and Williamson, Mem. 16, Plate 7, fig. 22) ; 
they should perhaps be regarded in most cases rather as undifierentiated procambium 
than as constituting a true pith. This interpretation would agree well with 
Williamson's observation that tracheae with very delicate thickenings, apparently 
in course of development, occur in this central tissue,§ showing that the centripetal 
differentiation of the xylem was not yet complete near the centre, even when the 
organ was mature. Curiously enough, these central trachesB are sometimes spirally 
thickened (fig. 8b), while those of the wood generally are scalariform, but they must 
not be confused with the narrow spiral tracheae of the protoxylem, which here, as in 
Lycopods generally, lie at the extreme periphery of the wood (fig. 8a), and are 
usually somewhat disorganized. 

In one of the strobili (C.N. 1922F ter, &c.), the central cells appear very thick- 
walled (see Plate 13, fig. 4). If this is really their natural condition, and not due to 
any process of infiltration, the medulla here differs from that of other specimens. 
There is no doubt from the other characters (spores, &c.), that this strobilus is of the 
same species with the rest. 

Seen in transverse section, the protoxylem-angles (which correspond to the inser- 
tion of the leaf-trace bundles) are not very prominent — they are usually about 10 in 
number. 

As a rule, the tissues immediately surrounding the wood have perished ; in one 
case, however II (see Plate 13, fig. 5), the whole of the tissue between wood and inner 

• See Plate 13, fig. 4; also Willumson, lOih Mem., Plate 15, ^g. 11, and I6th Mem., Plate 8, fig. 19. 

t • General Index,' Part 2, p. 25. 

J Thns, of the fonr peduncles shown in C.N. 419b, and other sections of that block, some show solid 
wood, others a small mednlla; the peduncle shown in C.N. 1922? his has a considerable medulla. 
Similarly, the axis of the strobilus shown in Fig. 4 (C.N. 1922f ter)^ and that in C.N. 624, represented 
by Williamson (10th Mem., Plate 15, fig. 12), have a well-marked medulla, which appears to be entirely 
absent from the section C.N. 627, also of a strobilus. 

§ " Organization," Ac, 16th Mem., p. 199, Plate 7, ^g. 22. 

II Section No. 4 in my own Collection. Mr. Spencer informs me that this was cut from the base of 
the same cone of which sections are figared by Williamson, in his 10th Mem., Plate 15, figs. 11 and 12 
and I9th Mem., Plate 7, fig. 50. 
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cortex is preserved, though slightly crushed. This zone consists of small, thin-walled 
cells, no doubt representing the phloem ; slightly larger cells, which border on the 
coarser cortical tissue, may be regarded as pericyclic. 

The inner cortex, which is constantly preserved, consists of a few layers of fairly 
thick-walled somewhat elongated cells (see Plate 14, fig. 9). The broader middle 
cortex beyond has often disappeared, rather on account of its loose texture than 
because its cells were specially delicate. Sometimes the more coherent sheaths, 
surrounding the leaf-trace bundles, are alone preserved, while in other cases the 
whole of the middle cortical tissue has remained fairly perfect (see fig. 9). It con- 
sists of curiously interwoven, long, sometimes branched cells, with rather thick walls, 
resembling the form of trabecular tissue found by Bower in the cortex of various 
Lycopods, recent and fossil.* These cells are connected, sometimes with the inner or 
outer cortex, sometimes with the sheaths of the leaf-trace bundles. Single cells of 
this layer may recall the curious internal hairs found in the cortex of the root of 
PilulariaA 

The outer cortex forms a fairly thick zone, nearly always well preserved, and 
consists in its external portion of more or less well-defined radial bands or masses of 
sclerenchyma, surrounded by rather more delicate tissue (see fig. 4), while its inner 
zone is more uniform, and without special groups of sclerenchyma. The sclerenchyma 
appears to constitute a network, the meshes of which are occupied by the more 
delicate tissues, through which the leaf-trace bundles pass out. The distinction 
between the two kinds of tissue is not always equally well marked, for sometimes the 
cell-walls are considerably thickened throughout the external cortex, but, on the 
whole, the ** Dictyoxylon " structure of the cortex is characteristic, and serves, among 
other features, to distinguish Spencerites in^gnis from such forms as Lepidodendron 
mundum, Will. The elements of the outer cortex are generally prosenchymatous. 
The small-celled epidermis is often very distinct (see fig. 6, e). 

The leaf-trace bundles, as they start from the central cylinder, diverge but little 
from the vertical, gradually curving so as to assume a nearly horizontal direction 
before entering the bracts. The vertical distance traversed by each leaf-trace is 
small — about 0*8 millim. — and scarcely equal to the length of an internode 
(c/! Plate 13, %. 7). Hence, the number of these strands met with in transverse 
section is smaU, usually about nine or ten, approximately equal to the number of 
appendages in one circuit of the spiml. Thus the leaf-trace bundles, owing to their 
small number and obliquity, by no means form so conspicuous a feature in the 
transverse section, as is usually the case in the axis of the Lepidostrobi, a distinction 
noted long ago by Williamson.;}: 

* " On the Stmctnre of the axis of Lepidostrohus BrowniV* * Annals of Botany,' vol. 7, p. 341, 
Plate 17, 1893. 

t Russow, • Vergl. Untersuchungen,' Plate 2, fig. 20. 
X ** Organization,** PartX-, 1880, p. 502. 
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Each bundle is surrounded by a strongly-developed sheath, which is especially 
evident where the lacunar middle cortex is traversed (Plate 14, fig. 9, sh). The 
structure of the bundles is best shown in tangential sections of the outer cortex 
(fig. 10). The phloem has almost wholly perished, but from the position of the 
parts it is most probable that the bundle was concentric ; the smallest elements 
(protoxylem ?) lie to>;^ard the middle of the woody strand. 

The bract-like appendages, or rather their stalks, which are alone preserv^ed, 
consist of an outer envelope of thick-walled, elongated cells, within which is a more 
delicate tissue surrounding the vascular bundle. 

The anatomical description just given applies equally to the sterile specimens, 
which I interpret as peduncles, and to the axis of the cone itself (compare Plate 13. 
fig. 4 with Williamson's figure in his 16th Memoir, Plate 8, fig. 19). So close is 
the agreement that the question arose whether the apparently barren specimens 
might not be simply withered fructifications, which had lost their sporangia, and 
partly lost their sporophylls, before fossilization. It is more probable, however, that 
the sterile portions really represent the peduncle of the cone, for in one specimen 
at any rate,* peduncle and cone were found in connection. The section (C.N. 624e) 
figured by Williamson in his 19th Memoir, Plate 7, figs. 41 and 42, was cut from 
the transitional region between the peduncle and the actual strobilus. 

It also appears that the sporophylls of the cone itself were more crowded than the 
bracts of the sterile specimens. (Compare Williamson's figure in his 9th Memoir 
Plate 22, fig. 54, with fig. 7 in the present paper.) 

2. Sporophylls and Sporangia. 

The general organization of the cone has been fully described and illustrated by 
Williamson in his 9th and 19th Memoirs above cited. The longitudinal section 
represented in the latter Memoir, Plate 7, fig. 50, is extraordinarily perfect, 
and gives a better idea of the whole structure than any other preparation. In 
this case the arrangement of the sporophylls may not improbably have been in 
alternating verticils. The section passes directly through an orthostichy of sporophylls 
on either side of the axis. It is instructive to compare the tangential section, 
figured by Williamson (from another specimen) in his 9th Memoir, Plate 22, 
figs. 54, 55, which show very clearly the alternation of the sporophylls in the 
adjacent orthostichies. The short sporophylls and spherical sporangia give the cone 
a very different habit from that of a Lepidostrohits. 

The form of the individual sporophyll is peltate ; the stalk is horizontal, 
resembling that of the bracts already described ; at the distal end it expands into 
a lamina, of looser tissue, projecting both upwards and downwards, so as to cover in 
the sporangia lying between. A single sporangium belongs to each sporophyll, a^ is 

* From which sectioDs C.N. 624d, e, and p, and 1922f bis, in the Williamson Collection were cut. 
VOL. CLXXXIX. — B. N 
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evident from the comparison of sections in the three planes (see Plate 14, figs. 11 
and 13, together with Williamson's figures above cited). 

The most important question relates to the point of insertion of the sporangia on 
the sporophylls. Williamson (19th Memoir, p. 25) determined this with perfect 
accuracy, though he expressed his opinion with some reserve. The sporangium is 
attached, by a narrow neck of tissue only, to the upper side of the sporophyll, near 
its distal end, where the lamina begins to expand. There is no attachment what- 
ever to the horizontal pedicel of the supporting organ, and in this respect Spencentes 
differs entirely from any species of Lepidostrohus. The point of attachment is 
evident at several jJaces in the radial section referred to. In Plate 14, fig. 11, which 
is taken from this preparation, the lower sporophyll is incomplete, but the insertion 
of the sporangium at a is unmistakable, though slightly obscured by a fragment of 
coal which overlies the connecting tissue. In the sporophyll next above, the 
connection with its sporangium is broken, but the point of attachment was no doubt 
at a. In fig. 12 from another preparation, a sporophyll is figured, which has been 
detached from its base, and is fortunately cut in the radial plane. The form of the 
lamina is well shown, and at a the remains of a sporangium, seated on its upper 
surface, near its junction with the pedicel, are evident. The points of sporangial 
insertion detected by WiLLiiiLMSON, have been re-examined and his interpretation 
confirmed. A reference to Williamson's figure (19th Memoir, Plate 7, fig. 50, e' 
and/") will show that the place of insertion is on the upward slope of the peltate 
lamina, here incompletely preserved. Our fig. 13 is from a transverse section, and 
shows very clearly that the sporangium is connected at its distal end with the 
sporophyll-lamina. The connecting neck of tissue was evidently wider in the 
tangential than in the radial plane. The vascular bundle approached very closely to 
the base of the sporangium and may have been connected with it by a short branch 
(figs. 11 and 12). 

The structure of the sporangial wall was described and figured by Williamson in 
his first account of the fossil.* In its present state of preservation it is one cell only 
in thickness (except sometimes near the point of attachment) ; the cells of which it 
consists are prosenchymatous, their elongation lying in the plane of the sporangial 
surface, and not at right angles to it. They thus differ entirely from the palisade- 
like cells which usually constitute the wall of the sporangium in Lepidostrohus. The 
lateral septa of the cells of the sporangial wall are considerably thickened, while 
their top and bottom membranes are much more delicate. 

3. The Spores. 

The spores themselves have been very fully described by Williamson, whose 
interpretation of their structure, however, is, I believe, mistaken. Each spore, in its 

♦ " Organization," Part IX., p. 341, Plate 22, fig. 38. 
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mature state, has approximately the form of an oblate spheroid, with a broad hollow 
wing running round its equator (see Plate 14, figs. 11 and 14a).* The maximum 
diameter of the spore itself is on the average 0M4 millim., while the whole diameter, 
including the wing, reaches 0*28 millim* The membrane of the spore is thick ; that 
of the wing is excessively delicate. The cavity of the wing is widest at a short 
distance from its insertion on the spore, and narrows off towards its outer edge. 
Williamson interpreted the wing as consisting of the abortive sister-cells of the spore. 
For this view there is, I think, no evidence. The cavity of the wing always appears 
empty, whereas that of the spore itself constantly shows some remains of cell -contents. 
Also, the wing appears to be perfectly continuous all round the spore, and not to be 
in any way sub-divided into compartments or cells. The fusion of the three abortive 
sister-cells of a macrospore into such a continuous ring, is entirely without 
precedent, and can hardly be assumed in the absence of any positive evidence. The 
fact that the winged spores of SpenceHtes are often found still grouped in their 
oritjfinal tetrads (see fig. 14b) is also opposed to the interpretation of each spore as 
itself representing a group of four sister-cells. On the latter assumption, we should 
have tetrads of tetrads, an arrangement for which there seems to be no analogy. 

There is, I think, no doubt that the interpretation of the wing suggested by 
Count Solms-Laubach is the right one,t namely, that it ** represents an organ 
analogous with the air-sacs of the pollen of the Pine.'* When seen in sectional view, 
the spore of S. insignis bears a considerable resemblance to the pollen grain of Pinus 
(see fig. 14), though, as the superficial aspect shows (see fig. 11 ; also, Williamson, 
19th Mem., Plate 7, figs. 43 and 44), its real form is quite different, for in the fossil 
the air-sac forras a continuous rim all round the spore, a fact not recognised by 
Count Solms-Laubach. There is little doubt, however, that the wing agrees with 
the air-sacs of Pinv^ pollen in being formed by a dilation of the cuticle, and probably 
its function was the same. 

The four spores of a tetrad are arranged tetrahedrally, as is shown with great 
clearness in some of the sporangia (see Plate 14, fig. 14b, and compare with 
Williamson, 9th Mem., Plate 22, fig. 57). At this stage, the tetrahedral form of 
the individual spores is still evident ; when they become free their shape grows more 
spheroidal. The lines of junction of the three sister-cells are indicated on the spore 
by three sharp ridges, meeting each other at an angle of 120° (see Williamson, 
1 9th Mem., Plate 9, fig. 49, and fig. 14a in the present paper). 

The wings lie in the planes of the four free surfaces of the tetrahedral gi'oup (see 
fig. 14b). Hence the wing of each spore, as seen in sm^face view, has a somewhat 
triangular outline (see fig. 11). 

The cell-contents of the spore are often represented merely by a dark carbonaceous 
mass in the middle of the cell. In other cases, however, the central body shows a 

♦ Also WiLLUMSON, "Organization," Part IX., Plate 22, figs. 46, <fcc.,and Part XIX., Plate 7, figs. 43 and 44. 
t * Fossil Botany,' English edition, p. 239. 
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very definite structure, forming a regular reticulum, suggestive of a cellular tissue 
(fig, 14a, ch.). In other cases again, a number of small spherical spore-like bodies 
are contained within the large spore, a condition which has been repeatedly figured 
by Williamson.* These minute spore-like bodies have an average diameter of 
about 0*02 millim. They have a very distinct outline, and evidently possess a 
membrane of their own, which in some cases has split. Similar sporules, as we 
may provisionally call them, also occasionally occur free in the cavity of the 
sporangia ; in one case where this was noticed, two large spores in their neigh- 
boiu^hood had manifestly burst, and there is little doubt that it was from them that 
the free sporules had been derived. In some cases appearances are met with within 
the larger spores, which indicate that the sporules may be developed fix)m the 
central reticulum. The latter body has been interpreted as a prothallium, a veiy 
tempting idea, and probable enough if we consider the analogous case observed by 
M. Renault in the pollen grains of Cordaites. It is impossible to arrive at a certain 
conclusion, but the impression left on one's mind, after the examination of a great 
number of spores, is rather that the reticulum is the expression of some pathological 
or post-mortem change in the cell- contents. The definite cellular appearance seems to 
be only a particular case of a variable and inconstant frothy coagulation. How, then, 
are we to interpret the free sporules which occasionally appear, and which seem to 
have been sometimes set free by the burating of the spores within which they were 
formed ? Various possible views were discussed by Williamson, without his reaching 
any decisive conclusion.t The sporules are of comparatively rare occurrence, and I do 
not myself believe that they form part of the normal structure of the spores. That 
the large winged bodies really are the spores (whether microspores or macrospores) 
can no longer be doubted, and the production of spores within spores would be a 
phenomenon without analogy among Vascular Cryptogams.^ I therefore incline to 
regard these sporules as foreign bodies, possibly the product of some low organism, 
parasitic or saprophytic, within the spore. Fungi living and fructifying within 
pollen grains and spores are well known at the present day.§ 

Another possibility which has been suggested to me is that the " sporules " may 
merely represent altered vesicular aggregations of the protoplasm of the spores. 
Such bodies have often been observed in the cells of recent plants, when rich in 
tannin, and may present a deceptive resemblance to Fungal or Myxomycetous 
spores. Structures, probably of the same nature, have also been detected in fossil 



• " Organization," Part IX , Plate 22, figs. 42-44 ; Part XIX., Plate 9, fig. 48. 

t " Organization," Part IX., p. 343. 

:|: Spermatozoid mother-cells might be thought of in this connection, but such cells, as known to us 
among recent plants, are far too delicate to be preser7ed in so definite a form. 

§ E.g., Rhizophidium polUnisj Olpidinm pendulum, Lagenidium pygmaeum. See Zopf, " Die Pilze," in 
Schenk's * Handbuch der Botanik,' vol. 4, pp. 296, 297, and 556. 
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vegetable tissues.^ The great definiteness of the raembiune of the " sporules," which 
has sometimes split, with a perfectly sharp fissure, suggests however the cuticularized 
cell- wall of an actual spore, rather than a mere precipitation-membrane. In any case, 
it will be safer, in the present state of our knowledge, to leave the " sporules " out of 
consideration, in discussing the morphology of the spores of Spencerite^. 

We have at present, no means of determining whether Spencerites insignis was 
homosporous, or if heterosporous, whether the winged spores represent microspores 
or macrospores. In dimensions they are intermediate between the two, if we 
compare them with the spores of other Lycopods. The maximum diameter of the 
spore of Spencerites insignis (not counting the wing) is pretty constantly about 
0'14 millim. The microspores of Lepidostrohi are very much smaller, usually about 
0*02 to 03 millim,, though those of L. Browaii Schp. reach a diameter of about 
0*05 millim. On the other hand, the macrospores of the Carboniferous Lycopodiacea^ 
were usually of very large size. Of the numerous macrospores described by Mr. 
KiDSTONt (among which those of Sigillariostrohus as well as LepidostroJms are 
probably included) the great majority are from 1 to 2 millims. in diameter; the 
smallest exceeds 0'5 millim. Macrospores belonging to Lepidostrohi from Oldham 
and from Burntisland, which I have measured, were about 0*8 millim. in diameter. 
The macrospores of Sigillariostrohus were very large, varying from 1*5 millim. to 
2 millims, in diflPerent species.^ The macrospores of recent hetetosporous Lycopods 
{Selaginella and Isoetes) range from about 0*2 to 0*5 millim. 

On the whole then, it appears that the spores of SpenceHtes insignis are decidedly 
large for microspores, and decidedly small for macrospores. The comparatively 
small numbers in which they occur in each sporangimn (see fig. 11) would suggest 
the latter rather than the former, but no conclusion can be drawn. So far as I can 
ascertain, only four distinct specimens of the actual cone are known. In these, all 
the sections (which in two of the specimens include the base of the cone) show 
spores of one kind only. A few minute spore-like bodies have occasioniUly been 
detected, but, as mentioned above, they appear to have escaped from the interior of 
large spores, and to be foreign or pathological products, and certainly not 
microspores. 

4. Ahorlive Sporangia. 

In one of the sections of the original specimen of the cone,§ some of the sporangia 
shown have a very different appearance from the ordinary ones, and offer, at first 

* Sbwaed, " On Oyeadeoidea gigantea ; " * Quarterly Jonmal of the Geological Societj'/ Feb., 1897, 
vol. 53, p. 26. 

t J. Bknnie and R. Kidstox, ** On the Occurrence of Spores in the Carboniferous Formation of Scot- 
land." * Proc. Roy. Phys. Soc.,' Edinburgh, vol. 9, p. 82, 1886. 

X Zeiller, "Cones de Fructitication de Siyillnria ;*' * Ann. des Sci. Nat. (Hot.),' Scr. 6, vol. 19, 1885. 

§ See WiLLUMsoN, " Organization," Part IX., PI. 22, tig. bSe, C.N. 626. 
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sight, a startling resemblance to seeds. One of these sporangia is shown in detail 
in Plate 15, fig. 15. In this case the section evidently passes medianly through tbe 
sporangium, so Williamson!s interpretation *• sporangial wall," which would imply 
that it is cut tangentially, will not hold good here. The anomalous sporangia, which 
are much smaller than the normal organs, are evidently attached, as usual, at their 
distal ends, but the sporophylls in this part are crowded and apparently somewhat 
displaced. Williai^ison supposed, no doubt with good reason, that this section was 
cut near one end of the strobilus.* 

The wall of the anomalous sporangia appears to have been several cells in thickness. 
The cavity is partly filled by a carbonized mass, showing some traces of a cellular 
structure, and seated on a pad of tissue at the end where the sporangium is itself 
attached to its sporophyll. From the black mass delicate fibrils radiate, connecting 
it in places with the spomngial wall, from which it appears to have contracted away, 
before fossilization. 

None of the other sections, either of the same or of different specimens, show 
these anomalous sporangia, which, in all probability, are simply abortive organs, the 
development of which had been arrested at a rather early stage. If so, they afford 
evidence that the inner layers of the wall were absorbed as the sporangium became 
ripe. 

The consideration of the affinities of Spencerites insignis will be postponed until 
the next species has been described. 

II. Spencerites majusculus, sp. nov. 

1. Oenercd Characters, 

This form was not described or distinguished from the previous species by 
Williamson, though two sections of it are cited in his " General Index,"t under 
the head of " Lepidodendron SpenceriJ' So far as I know, only one specimen of 
the new species has ever been found. This was discovered by Mr. J. Spencer, who 
prepared a number of sections from it. Only two of these (both transverse) are in 
the Williamson collection. I have examined numerous other preparations, including 
four longitudinal sections, two of which, one radial and the other tangential, are 
figured in the present paper, in addition to a transverse section (Plates 12 and 13, 
figs. 1, 2, and 3). The comparison of all the fiections examined has completely 
cleared up the important points in the structure of the strobilus, and has shown 
that it is nearly allied to, though quite distinct from, the former species. 

The specimen consists of the strobilus only ; all the sections show the sporophylls 
borne upon the axis. 1'he diameter of the whole cone, including the sporophylls is 

* Loc. dt., Port IX., p. 341. 

t Part II., p. 26. The sections are 624c and 624g. 
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about 15 millims., while that of the axis is quite 9 millims., much larger than that of 
S. insignu, which does not exceed 5 millims. The short sporophylls and thick axis 
give a characteristic habit to the fruit. The diameter of the central cylinder is 
about 17 millims., quite double that in the former species (see Plate 12, fig. 1, and 
Plate 15, fig. 17). The state of preservation is similar to that of most specimens of 
S. insignis ; the wood is perfectly preserved ; only slight remains of the phloem are 
present ; the inner zone of cortex immediately surrounding the central cylinder is 
in good preservation ; beyond this is a wide empty space, from which the middle 
cortical tissue has entirely disappeared, except that in some cases the leaf-trace 
bundles, enclosed in their sheaths, are seen crossing the gap (fig. 17). liastly, the 
dense layer of outer cortex is perfect and bounded by a definite epidermis. 

The arrangement of the sporophylls cannot be determined with certainty from the 
transverse sections, but the tangential section (represented in Plate 13, fig. 3) leaves 
little doubt that, in this part of the cone, at any rate, they were placed in alternating 
verticils. Judging from the position of the sporophyll-bases, as shown in transverse 
section, the number of members in each verticil must have been fourteen or fifteen. 
The form of the sporophylls and their relation to the sporangia will be considered below. 

2. The Axis. 

Taking the structure more in detail, and beginning with the stele of the axis, we 
find that the wood extends to the centre, without any indication of a pith or of 
conjunctive parenchyma (Plate 12, fig. 2, and Plate 15, fig. 17). At the periphery of 
the wood are a large number (about thirty) of prominent groups of very small 
tracheae, which the radial section shows to be spiral. Elsewhere, the elements of the 
wood are of the usual scalariform type. The large number of protoxylem-groups is 
a marked difference from S. insignis^ where their number is usually about ten, and 
has not been found to exceed fourteen. Their number in the present species appears to 
correspond to that of the orthostichies of sporophylls, and is therefore double the 
number of the members in each verticil. There are some slight remnants of the soft 
tissue (no doubt phloem), immediately surrounding the xylem (fig. ll^ph.). 

The inner cortex consists of several layers of rather delicate, elongated cells (figs. 
1, 2, and 17). The broad zone of middle cortex has entirely disappeared, leaving an 
empty gap, crossed in some places by the leaf-trace strands (fig. 17). The outer cortex 
consists of almost uniform sclerotic tissue, the elements of which are prosenchymatous 
(figs. 1 and 2). There is no differentiation into radial binds of diverse structure, 
and this uniformity of the outer cortex forms another distinction from S. insignis^ in 
which the corresponding zone has the " Dictyoxylon" character. 

The leaf-trace bundles are met with at all points of their outward course, and are 
best seen in transverse sections through the inner cortex (fig. 17). Pk)th in their 
direction and structure they agree closely with those of S. insignis^ but, they appear 
in greater numbers in transverse section. 
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3. The Sporophylls and Sporangia. 

The form of the sporophylls is a complex and peculiar one. Each sporophyll 
consists of a petiole and a lamina. The former is inserted, with a somewhat broad 
base, on the axis, and tapers towards the distal end (compare Plate 12, figa 1 and 2 ; 
Plate 13, fig. 3, and Plate 15, fig. 16). The sectional form of the petiole is that of an 
ellipse, with its main axis horizontal (fig. 3). In general appearance this part of the 
sporophyll is similar to that of S. insignis. As in that plant the outer tissue of the 
petiole is prosenchymatous and thick- walled ; within this, is a more delicate strand 
of parenchyma, enclosing the vascular bundle. 

The laminse are expremely conspicuous objects in all the preparations (see Plate 12, 
figs. 1 and 2 ; Plate 13, fig. 3), though in the transverse sections their connection with 
the rest of the specimen is not usually evident (fig. 1 ). The point of connection 
between petiole and lamina was evidently a weak place in the tissue, and has gene- 
rally broken down, but in several cases, as in the sporophyll figured, in radial section, 
in Plate 15, fig. 16, the continuity is perfect, though there is a bend or kink at the 
weak spot. 

The lamina widens and broadens out suddenly, in every direction, from its point 
of attachment to the petiole. Its greatest dimension is in the^tangential direction, in 
which its width is about 3 millims. (figs. 1 and 3). In the radial plane the lamina 
reaches a length of about 2*5 millims. (figs. 2 and 16). The extreme vertical height 
or thickness is about 2 millims., as best shown in the tangential section (fig. 3). 
This section, which passes rather obliquely through the laminae towards the left- 
hand side, gives an excellent idea of the way they were packed together in 
alternating rows, each lamina thus acquiring a somewhat diamond-shaped outline. 
At its outer margin the lamina thins out into a narrow horizontal ridge, shown in 
figs. 2, 3, and 16. 

The laminae must have had a fleshy character during life ; they consist almost 
wholly of a very large-celled parenchyma, bounded externally by an epidermis of 
smaller cells, with thickened external walls (fig. 16). The small vascular bundle 
runs near the upper surface. The thick fleshy laminae form a most characteristic 
feature of the species. 

Fragments of the sporangia, with their contained spores, occur everywhere in the 
space between the laminae and the axis (figs. 1, 2, and 3). In their shattered 
condition, the form of the sporangia cannot be determined with any exactness, but 
judging from the better preserved specimens, it would seem to have been approxi- 
mately spherical, as in S. insignis (Plate 15, fig. 16). The important question of the 
insertion of the sporangia on the sporophylls could only be determined by the 
comparison ol a number of instancea The sporophyll shown in radial section, in 
fig. 16, gives a good idea of the relative positions. The sporangium is certainly firee 
from the petiole. It appears to have been attached on the upper surface exactly at 
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the point (a) where the petiole passes over into the lamina. From this case alone, one 
could not be certain that the sporangium might not also have been adherent to the 
upper £ace of the lamina itself, but other sporophylls show clearly that the two organs 
were free from each other in this region, and that the only attachment was at the 
point indicated. In particular, the tangential section, shown in Plate 13, fig. 3, is 
conclusive as to the absence of any adhesion between lamina and sporangium. At a 
the plane of section passes through the junction of the lamina and petiole of one of 
the sporophylls, and here the remains of a sporangium attached to the upper surface 
at this point are clearly seen. It appears then that the place of insertion of the 
sporangium in this species is essentially the same as in ^. irmgnisy though relatively 
nearer the axis, owing to the great development of the laminar portion of the 
sporophyll in S. majusculv^. 

The membrane of the sporangium, in its present condition, consists of a single layer 
of prosenchymatous cells, and is much like that of S. irmgnis (see Plate 15, figs. 18 
and 19). Seen in transverse section, the cells appear triangular, their thick lateral 
walls forming a regular zigzag, more definite here than in S. insignis. The inner and 
outer cell-walls are delicate, the outer usually the better preserved of the two 
(fig. 19a). ^ ^ 

4. The Spores. ^"""x 

The spores, sometimes found within the sporangium, and sometimes scattered about 
outside, are very characteristic, and aflford, perhaps, the best diagnostic character of 
the species. The spores of S. majusculus are not tetrahedral like those of S. insignisy 
but have the form of quadrants of a sphere (see Plate 15, fig. 19b-e). They are 
winged, but in quite a different way from those of the former species, for in 
S. majusculus each spore has three wings running along the three angles of the 
quadrant (fig. 19b and b). The wings themselves are thin, and not obviously 
hollow like those of S. insignis. The dimensions are smaller, the extreme length of 
the spore without wings varying from 0*09 to 0*12 millim., and inclusive of the wings 
reaching 0*15 millim. Thus the wings are narrower, and the dimensions of the winged 
spore, as a whole, little more than half those of S. insignis. Bemains of the contracted 
cell-contents are often found, and occasionally distinct, cell-like bodies, comparable, 
perhaps, to the similar structures in the former species, occur within the spores. In 
one preparation (C.N., 624c) a few minute spore-like bodies were found free, but 
their connection with the specimen is altogether doubtful. 

The spores are occasionally found grouped together, as if in their original tetrads 
(figs. 19d and b). They are arranged, as might be expected from their form, like 
the quadrants of a sphere, and not in tetrahedrons. The spores are, on the whole, 
less perfectly preserved than in S. insignis, but the difference between those of the 
two species is evident at the first glance. (Compare Plate 14, figs. 11 and 14 with 
Plate 15, fig. 19.) ^^^ ^ 

VOL. CLXXXIX. — B. O 
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Conclusions. 

There are two questions to be considered in conclusion : the relation between the 
two forms which have been described, and the relation of both together to other 
plants. The smaller question will be taken first. 

No one who has compared the specimens which I have referred to Spencerites 
majusculus and S. insignis^ or the drawings of their structure accompanying the 
present paper, is likely to doubt that the two forms are specifically quite distinct 
The great difference in absolute dimensions (the axis of S. majiLsculus being about 
twice as thick as that of S. insignis), though striking enough, would go for little if it 
stood alone. It is accompanied, however, by a considerable difference in the relative 
dimensions of axis and sporophylls, and by marked structural distinctions, in the 
outline of the wood, the arrangement of the leaf-trace bundles, and the details of the 
outer cortex. The sporophylls are not only much larger in S. majusculus than in 
S. insignis, while relatively shorter in the former as compared with the size of the 
axis, but have a somewhat different form, though the superior preservation of these 
organs in the former rendens exact comparison difficult. The great tangential width 
of the lamina is characteristic of S. majuscvluSy while the peltate form, as seen in 
radial section, is more marked in S. insignis. The sporangia are similar in both, but 
the spores are quite different, those of S, insignis being decidedly the larger, of tetra- 
hedral or spheroidal form, with a broad equatorial wing, while those of S. majusculus 
are smaller, with the form of quadrants of a sphere, each spore having three narrow 
wings running along its angles. The difference in the dimensions of the spores is not 
suflBcient to justify us in regarding them as microspores and macrospores of the same 
species, nor would such a suggestion be consistent with the other marked distinctions 
between the strobili. 

On the other hand, the two species, distinct as they are, have much in common. 
The general anatomy is similar ; in this respect the two forms resemble each other 
more closely than they resemble any other known strobilus. The sporophylls, with 
their broad laminae, sharply marked off from the almost cylindrical petiole, are 
characteristic of both forms jointly. The insertion of the sporangium, by a narrow 
attachment, to the upper surface of the sporophyll, where it begins to expand into 
the lamina, is as I have shown, essentially the same in both. The spores also have 
something in common, at least in the fact that they are winged, while the form and 
structure of the sporangium are alike in both. 

These various points of agieement and difference find, I believe, their best expres- 
sion, if we regard the two forms as two species of the same genus. 

We now come to the more important question of the relation of these forms to 
other plants, and especially to other members of the Palaeozoic Flora. 

That the strobili are Lycopodiaceous can scarcely be questioned, for this conclusion 
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follows at once from the position of the sporangia, seated singly on the upper surface 
of each sporophyll, and from the whole anatomical structure. 

It is natural to place any Palaeozoic Lycopodiaceous cone, in the first instance, in 
the genus Lepidostrohus, and this is the position hitherto assigned to Spencerites 
insignis^ though Williamson, as already mentioned, thought it might ultimately be 
necessary to make it the type of a new genus.* I think the results of the renewed 
examination of this fossil, and the discovery of a second allied species, indicate that 
the time has come when Williamson's suggestion should be carried into effect. 

We may take the generic character of LepidostrohuSy given by M. Zbiller, as 
fairly representing the modem conception of the genus. In the following literal 
translation the italics are M. Zeillbr's own : " Cones of fructification cylindrical, 
oblong, or ovoid ; composed of a woody axis bearing sporangiferous bracts arranged 
in a spiral, and somewhat crowded. Bracts formed of a nan^ow pedicel^ usually 
normal to the axis, and of a uni-nervate limh, lanceolate or linear-lanceolate in out- 
line, generally erect, and often even applied to the surface of the cone. Sporangia 
ovoid, solitary, fixed upon the superior face of the pedicel of the bracts."t Of these 
characters the spiral arrangement of the sporophylls is, perhaps, the least constant, 
for M. Zeiller himself points out in the same woi'k that in his Lepidostrohus Olryi 
the phyllotaxis is verticillate. I therefore attach no importance to the fact that in 
Spencerites the arrangement appears to have been variable in this respect. 

In several points, however, the strobiU described above diverge from the character 
oi Lepidostrohus. The form of the limb or lamina is totally unlike, and its preserva- 
tion, especially in S. majusculus, is sometimes sufficiently perfect for us to be sure 
that the difference is a real one. The sporangia are not ovoid, but approximately 
spherical, and, which \a the chief point, they are not fixed upon the superior surface 
of the pedicel, but are altogether free from this part of the sporophyll, and only 
attached, by a narrow base, to the lamina where it begins to expand. It is instruc- 
tive to compare such a species of Lepidostrohus as L. Olryi, Zeill. with our 
strobili. In dimensions and geneml form L. Olryi appears to be not unlike our 
Spencerites insignis, but, in the former, the attachment of the elongated sporangium 
to the whole upper surface of the pedicel is evident from M. Zbiller's detailed 
figure, and at once distinguishes this species as a true Lepidostrohus. \ 

The attachment of the sporangium, either by the whole length of its lower surface, 
or by a considerable part of it, to the upper side of the pedicel, appears to be 
constant in all species of Lepidostrohus where the preservation is sufficiently good for 
such points to be determined, and must, in my opinion be regarded as an essential 
character of the genus. § It is chiefly on this ground, then, that I base the generic 

• ' General Index,' Part II., p. 24, 1893. 

t Zeill£B, '* Bassin Honiller de Valenciennes." < Flore Fossile,' 1888, p. 496. 
X Zeiller, loc. cit., AtJas, Plate 77, figs. 1 and li. 

§ Any of the pablished figores of well-preserved Lepidottrohi will serve to illustrate this character 
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separation of Spencerites from Lepidostrohus, but the character derived from the 
insertion of the sporangia is supported by several others, namely the form of the 
sporophylls and sporangia, the structure of the sporangial wall, and of the spores, 
the arrangement of the leaf-traces, and the whole habit of the strobilus. 

The resemblance of Spencerites insignis to a cone described by M. Zbilleb under 
the name of Sigillariostrobus Crepini* is rather striking, and for some time led me 
to suppose that both our species might belong to the genus Sigillariostrobus^ in 
which case they would have been of special interest as the first known fructifications 
of Sigillaria with their structure preserved.t M. Zeiller most kindly sent me the 
type specimen of S. Crepini for examination, so I was able to compare it directly 
with the preparations of our strobih. M. Zeiller's fossil is preserved in the form 
of impressions, of which there are two on the same fragment of rock. As M. Zbilleb 
pointed out in a letter to me, the dark colour of the matrix somewhat obscures the 
details of the fossil, but I was able to satisfy myself as to all the important points 
shown in the author's figures. Sigillariostrohus Crepini agrees with Spencerites 
insignis in the dimensions of the axis, the arrangement of the sporophylls, and to 
some extent in their form. . So far as can be ascertained, the two plants also agree in 
the position of the sporangia, which in Sigillariostrohus Crepini appear to be fi:'ee 
from the pedicel and attached at the distal end to the spoon-shaped lamina of the 
sporophylL The point is, of course, comparatively obscure in the French fossil, 
owing to its mode of preservation, but I believe M. Zeiller's interpretation to be 
the correct one. 

Up to this time nothing whatever was known of the sporangia (as distinguished 
fi:om the spores) of SigiUariostrobus, with the solitary exception of S. Crepini, so it 
was permissible to suppose that their insertion at the distal end of the sporophyll 
might be characteristic of the genus. 

Since then, however, owing to the kindness of my friend, Mr. R. Kidston, F.G.S., 
I have had the opportunity of examining a fine specimen of his Sigillariostrohus 
ciliatus, in which the sporangia containing the macrospores are well preserved. 
Mr. Kidston is about to publish a full account of the fossil in the * Transactions of 
the Royal Society of Edinburgh,'^ so I will only say that the examination of the 
specimen in question appears to leave no doubt that in this Sigillariostrobus the 

The diagram by Williamson, •* Organization," Part XIX., Plate 6, ^g. 62, is quite true to nature for 
Lepxdostrohus Oldhamius, and contrasts sharply with Spencerites insignis^ as shown in Plate 7, fig. 50 of 
the same memoir. Hookeb's figure, from L, omatus (* Mem. Gool. Survey of Great Britain,' yol. 2, 
Part II., Plate 8, fig. 11, 1848), reproduced in vai*iou8 text-books, e.g,, Solms-Laubach, * Fossil Bot.,' 
^g, 25c, may illustrate another type, which would approach rather nearer to Bpencerites, though still 
qaite distinct. 

• Zeiller, " Bassin Houiller de Valenciennes." * Flore Fossile,* Plate 77, fig. 3. 

t See * British Association Report,' 1896, p. 1024. 

X This has now appeared : " On the Fossil Flora of the Yorkshire Coal-field ; Second Paper." 
Loc. eU.. vol. 39, Part I., No. 5, 1897.— Jan. 26, 1898. 
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sporangium is attached along the whole of its lower surface to the horizontal pedicel of 
the sporophyll, and that it is partly roofed in above by a kind of indusium, arising 
from the upturned lamina^ as in Isoetes. In these points (to which Mr. Kidston 
first called my attention) Sigillariostrohus ciliatus differs entirely from SpenceriteSy 
and apparently from Sigillariostrohus Crepini also. 

In the face of these facts it is impossible to unite Spencerites with Sigilla/riostrohuSy 
any more than with Lepidostrohus ; our two species are best regarded as the repre- 
sentatives of a distinct Lycopodiaceous genus. 

This conclusion leaves us in doubt as to the true nature of M. Zeiller's Sigil- 
lariostrobus Crepini. As that author points out, it seems to be quite distinct from 
LepidostrohuSy and to bear a considerable likeness to some undoubted Sigillariostrohiy 
especially S. Goldenhergiy Zeiller.* 

Possibly Sigillariostrohus^ as at present constituted, may have to be broken up into 
two or more genera, in which case it may be that S. Crepini and our Spencerites may 
still be brought together. Until, however, we are acquainted with the internal 
structure of the Sigillarian fructifications, no definitive re-arrangement can be 
carried out. 

In the insertion of the sporangium, by a narrow base, on the distal portion of the 
sporophyU, Spencerites differs from all other known Lycopods. It is at the opposite 
extreme from Selaginellay where the sporangia are axillary. There is a certain 
analogy with the insertion of the synangium in Psilotacese, especially Tmesipteris, 
but this comparison is of doubtful value, so long as the homologies of the Psilotaceous 
synangium remain uncertain.t If Professor Bower is right in believing that the 
synangium represents a single, elaborated sporangium, then the comparison with 
Spencerites may hold good. But if, as GoebelJ supposed, the synangium corresponds 
to a fertile branch, or if, as I have ventured to suggest in a previous paper,§ it 
represents the sporangiferous pedicel in Sphenophyllese, then the structure is no 
longer comparable with that of our fossil. However this may be, the Psilotacese 
appear to be too remote from the strobiloid Lycopods to throw much light on a 
fructification like that of Spencerites. 

In the fact that the insertion of the sporangium is broader in the tangential than 
in the radial direction, the new genus differs conspicuously from Lepidostrohus, and 
resembles some living species of Lycopodiuniy such as L. clavatum and L. Selago.\\ 

The distal insertion of the sporangium — reminding us of Cheirostrohus and the 
Sphenophyllese, otherwise so remote — may perhaps be an indication that Spencerites 

• Loc. (At,, Plate 89, ^g, 1. 

t See BowEB, " Studies in the Morphology of Spore-produciTig Members," Part I., * Phil. Trans., 
B, vol. 185, 1894, p. 539, where the various interpretations are stated. 
X 'Bot. Zeitung,'1881. 

§ " On Gh^rostrohu^;' Ac., *Phil. Trans.,' B, vol. 189, p. 1, 1897. 
II BowBE, loc, city Plate 47, fig. 92. 
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represents a somewhat more archaic type of Lycopodiaceous strobilus than that of 
Lepidostrohus. 

Diagnosis. 
SpenceinteSy gen. nov. 

Cone consisting of a cylindrical axis, bearing numerous simple sporophylls, arranged 
spirally, or in crowded alternating verticils. 

Sporophylls short, formed of a sub-cylindrical pedicel expanding into a laige 
peltate lamina. 

Sporangia, solitary on each sporophyll, inserted, by a narrow base, on the upper 
surface of the lamina, but free from the pedicel. 

Sporangial wall, formed of a single layer of prosenchymatous cells. 

Spores winged. 

1. Spencerites insignis (Will.). 

Lepidostrohus, sp., Williamson, " Organization of the Fossil Plants of the 
Coal-Measures," Part IX., *Phil. Trans.,' 1878, p. 340, figs. 39 to 47 and 52 
to 57. Lepidostrohus insignis, Will., loc. cit., Part X., *PhiL Trans.,* 1880, 
p. 502, figs. 11 and 12. Lepidodendron Spenceri, Will., loc. cit., Part XVL, 
'Phil. Trans.,* 1889, p. 199, figs. 19 to 22. Loc. cit, Part XIX., ' Phil. Trans.,' 
1893, p. 24, figs. 41 to 50. 

Cone pedunculate. Peduncle bractigerous. 

Whole cone, 8 to 10 millims. in diameter. 

Axis, 3*5 to 5 millims. in diameter. 

Sporophylls, 2 to 2*5 millims. long; lamina distinctly peltate, vertically 

elongated. 
Sporangia approximately spherical. 
Spores tetrahedral, becoming spheroidal when free, with a hollow equatorial 

wing. 
Maximum diameter of spore without wing, about 0*14 millim. ; with wing, 

about 0*28 millinu 
Wood of axis, 10-arch to 14-arch, without prominent angles; with or 

without pith^ Outer cortex containing distinct bands of sclerenchyma. 
Locality, near Halifax and Huddersfield. 
Horizon, Lower Coal-Moasures. 

2. Spencerites majusculuSy sp. nov. 

Whole cone, about 15 millims. in diameter. 
Axis, about 9 millims. in diameter. 
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Sporophylls, about 3 millims, long ; lamina obscurely peltate, as seen in 

radial section, but greatly expanded tangentially, attaining a breadth 

of 3 millims. 
Sporangia approximately spherical. 
Spores, having the form of quadrants of a sphere^ with three narrow 

wings. 
Maximum diameter of spore without wings, on the average about 

0*11 millim. ; with wings, about 0*15 millim. 
Wood of axis, with about thirty somewhat prominent angles ; without 

pith. 
Outer cortex uniformly sclerotic. 
Locality, near Halifax. 
Horizon, Lower Coal-Measures. 

It must be remembered that S. mcijusculus is described from a single specimen, so 
it is to be expected that the sp^ific character will require modification in the future. 
The specimens of S. insignis are more numerous, but so far as the actual strobilus is 
concerned, I am only acquainted with four distinct examples. 

In addition to the slides in the WiLLLAJfSON Collection and in my own, I have had 
the use of two sections lent by Mr. Spencer, and of preparations from the Hick, 
Wild, and Cash Collections in the Manchester Museum. For the loan of the latter 
I am indebted to Professor F. E. Weiss, of the Owens College. 

Of the illustrations to this paper, six, namely, figs. I, 2, 3, 4, 5, and 12, were 
drawn for me by Mr. G. T. Gwilliam, and the remainder by Mr. W. C. Worsdell. 



EXPLAKATION OP PlATES, 12-15. 

PLATE 12. 

Spencerites majusculus. 

Fig. 1. Transverse section of strobilus. a?., wood of axis ; t.c, inner cortex ; the 
middle cortex has perished, leaving a space into which Stigmarian root- 
lets have penetrated ; o.c, outer cortex, in which the leaf-trace bundles 
can be seen at several places ; wi*, remains of sporangia, containing 
spores ; sph., bases of sporophylls ; sph'.y laminae of sporophylls. X 10. 
S., 7* (from Mr. J. Spencer) (see pp. 95 and 96). 

* Slides in my own Collection are indicated by the letter 8 before the nnmbei*; those in the 
Williamson Collection are marked C.N. (Cabinet number) as heretofore. Slides from other Collections 
are specially referred to. 
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Fig, 2. Kadial section of strobilus. a?., wood of axis ; t.c , inner cortex ; the middle 
cortex only shows fragments of leaf-trace bundles, and an intruding 
Stigmarian rootlet; o.c, outer cortex ; sm., sporangia, containing spores; 
sph., bases of sporophylls ; sph\, their laminae. X 9. From a slide in 
Mr. J. Spencer's Collection (see pp. 95 and 9G). 



PLATE 13. 

Fig. 3, Spencerites majitsculius ; figs. 4 to 8b, S. hisignis. 

Fig. 3. S. majusculiLS. Tangential section of strobilus. The section is slightly 
oblique, passing thi'ough the cortex of the axis above, and tlirough the 
sporophyll-pedicels, below. On either side the laminaa are shown, best 
preserved on the left hand, ax., axis with bases of sporophylls ; sph.^ 
pedicels of sporophylls ; sph'.^ their laminae. Note the regular alternate 
verticils. 5m., remains of sporangia, containing spores ; a., insertion of a 
sporangium. X 6. From a slide in Mr. J. Spencer's Collection (see 
p. 96). For other figures of &'. nxajuscultis see Plate 15. 

Fig. 4. S. insignis. Transverse section of a strobilus. a:., wood of axis, enclosing a 
thick-walled pith ; i.e., inner cortex ; middle cortex penetrated by Stig- 
marian rootlets ; o.c, outer cortex, with " Dictyoxylon " structure ; the 
leaf-trace bundles are seen both here and in the inner cortex : sph.^ 
sporophylls, imperfectly preserved ; sm., sporangia, containing the winged 
spores ; «.r., Stigmarian rootlet. X 10. From a slide by Mr. J. Lomax 
in the Wild Collection (No. 159), Manchester Museum. Other sections 
of the same cone are in the Williamson* and Hick Collections, and in 
my own (see pp. 86-90). 

Fig. 5. Transverse section (from the base of a strobilus) of the stele and inner cortex. 
The large central mass, x., is the wood ; p.h.y phloem-zone, somewhat 
crushed ; i.e., inner cortex. X 50. S., 4 (from Mr. J. Spencer). Other 
sections of the same cone are in the WiLLiAMSONt and Cash Collections 
(see p. 87). 

Fig. 6. Part of a transverse section from a peduncle, to show bract, e., epidermis ; c, 
outer cortex, the external layers of which are very thick-walled ; l.t., leaf- 
trace bundle, passing out to bract. ; 6.r., bract. C.N., 41 9g (from Mr. J. 
Spencer). X 45 (see p. 86). 

Fig. 7. Tangential section through the cortex of a peduncle to show the arrange- 
ment of the leaf- trace bundles, which appear to form a flat spiral with a 

• C.N. 1922F, ier. 

t C.N. 624, 624a and b 625. 
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small divergence ; slightly diagrammatic ; l.L^ leaf-trace bundles. In 
many of them the group of tracheae can be seen, and also the bundle- 
sheath ; b.i\, base of a bract. X 18. C.N., 419d (from Mr. J. Spencer) 
(see p. 86). 

Fig. 8a. Tracheae from the extreme outer edge of the wood, seen in radial section. 
px., px., small spiral tracheae of the protoxylera, somewhat disorganized. 
The larger element to the right {i.e., towards the interior) is also partly 
spiral. 

Fig. 8b. From the same section, showing a spiral trachea (tr.) imbedded in the middle 
of the pith ; p., elongated pith-cells. Both figures X 165. C.N., 419e 
(from Mr. J. LoMAx) (see p. 87). 



PLATE 14. 

Spencerites insignis. 

Fig. 9. Part of a radial section of a peduncle, to show the middle cortex. sA., sheath 
of elongated cells surrounding a leaf-trace bundle ; I.e., lacunar middle 
cortex, consisting of irregular interwoven trabeculae. X 70. C.N., 419e 
(from Mr. J. Lomax) (see p. 88). 

Fig. 10. Part of tangential section of an axis to show a leaf-trace bundle passing 
through the outer cortex, a?., xylem of bundle ; sh., bimdle-sheath. The 
larger surrounding cells are cortical. X 165. C.N., 624d (from Mr. J. 
Lomax) (see p. 89). 

Fig. 11. Part of the radial section of a strobilus, figured as a whole by Williamson, 
"Organization," Part XIX., Plate 7, fig. 50. The sporangium shown here 
is the lowest on the left, c, cortex of axis. Two sporophylls {sph.) are 
shown, the lower incomplete. Each contains a vascular bundle ; sm., 
sporangia ; the lower is shown complete and is filled with winged spores ; 
a., point of attachment of the sporangium to the distal part of the 
sporophyll. The rest of the sporangial wall is perfectly free. X 45. 
C.N., 624b (from Mr. J. Spencee) (see p. 89). 

Fig. 12. Detached sporophyll, seen in radial section. In the tissue of the large 
lamina, the vascular bundle, v.h., is seen at two places, sm., base of the 
sporangium, inserted on the upper surface of the lamina at a. ; s.t, torn 
fragment of the pedicel, beat upwards. Compare Williamson's figure, 
in ''Organization/' Part XIX, Plate 7, fig. 50. The sporophyll lies 
close to the cone to which it belongs. X about 50. From a slide in the 
Cash Collection (Lepidodendron Spenceri, II.) by Mr. J. Spencer. 
The section is from the cone shown in Williamson's figure above cited 
(see p. 90). 
VOL. clxxxix. — B. p 
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Fig. 13. Part of transverse section of a strobilus to show sporophyll and sporangiums 
ax.f outer limit of the cortex of the axis ; sph,, sporophyll, shown both in 
its proximal and distal part ; snu, sporangium, containing winged spores ; 
a., attachment of sporangium to distal end, sph/, of sporophyll. X 45. 
C.N. 626 (from Mr. J. Binns) (see p. 90). 

Fig. 14a. a single spore, seen in section, w.w.^ the wing; r., one of the radiating 
ridges, marking the line of junction with the sister-spores ; c.6., cellular 
or vacuolated body in the interior of the spore. X 265 (see pp. 91 
and 92). 

Fig. 14b. a tetrad of spores seen in section, showing the position of the wings. As 
the arrangement is tetrahedral, only three spores are seen in one plane. 
X 150. Both Figs, from C.N. 624b (see p. 91). 

PLATE 15. 

Fig. 15. Spencerites insignis. Figs. 16-19. S. majuscvlxis. 

Fig. 15. S. insignis. Abortive sporangium, sph,^ part of sporophyll to which 
sporangium is attached ; sm.w., sporangial wall. The interior is occupied 
by a dark, contracted mass, showing some traces of cellular structure. 
X 110. C.N. 626 (see p. 93). 

Fig. 16. S. majusculus. Sporophyll in radial section. This is from the left hand 
side of the section shown entire in Plate 12, fig. 2. ax.^ external tissue, 
of axis; sph., pedicel of sporophyll; sph.\ its lamina; v.b., vascular 
bundle ; 5m., sporangium (containing spores) inserted on the spoi-ophyll 
at a. X about 40 (see p. 96). 

Fig. 17. Part of a transverse section of the strobilus, showing stele and inner coi-tex. 
px.fpx., protoxylem-groups, of which there are about thirty in all; all 
the tissue to the inside is wood ; ph., remains of phloem; It., leaf-trace 
bundles passing through inner cortex; sh., sheaths surrounding the 
bundles, where they traverse the decayed middle cortex. X about 40. 
C.N. 624c (from Mr. J. Spencer). This section is practically identical 
• with that shown in Plate 12, fig. 1 (see p. 95). 

Fig. 18. Part of sporangial wall, seen in surface view. X about 70. C.N. 624c 
(see p. 97). 

Fig. 19. A. Part of sporangial wall, seen in section. X 150. C.N. 624g. 

B. Spore seen from the side, w., wing. X 150. C.N. 624g. 

C. Spore seen in oblique section, w., wing. X 150. C.N. 624c. 

D. Tetrad in side view ; only two spores visible. X 150. C.N. 624c. 

E. Tetrad in end view, showing all four spores. X X50, C.N. 624c. 
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IV. 071 the Development of Marsiqnal and other Tubular Enamels, ivith Notes 
upon the Development of Enamel in General. 

By Charles S. Tomes, M.A., F.R.S. 

Received July 12, 1897,— November 18, 1897. 

[Plate 16.J 

In the year 1849 my father, the late Sir John Tomes, (1) described the structure 
of Marsupial enamel, showing that the enamel was penetrated, more or less richly, 
by tubes running into it from the dentine, a thing unusual in other Mammalia. 
But, in the Marsupials, with the solitary exception of the Wombat, it is universal, 
although in some, as for example in Petaurus, only a few of the tubes enter ; and 
in the DasyuridaB they are far less abundant, and traverse a smaller thickneas of the 
enamel than in the MacropodidaB. 

In the latter, the tubes are exceedingly abundant, most of the dentinal tubes 
being apparently continued into cLnd through the greater part of the thickness of 
the enamel ; they become finer as they approach the surface, and none of them quite 
reach it; sometimes an enamel tube is connected with two dentinal tubes, and 
sometimes (rarely) the converse is the case. 

Amongst other Mammals this character is met with occasionally ; it may be well 
seen in the Hyrax (Plate 16, fig, 1) ; in some Insectivora, notably in the Shrew; 
in the Jerboa, and in a few other Rodents ; whilst in the human subject it may be 
rarely found, but only in a rudimentary condition (fig. 2). 

The facts that the tubes do not reach to the exterior of the enamel, even in 
Macropus ; that the penetration is variable, even amongst the Marsupials ; that it 
does not exist at all in the Wombatji and that the character reappears sporadically 
amongst other Mammals, would seem to render the inference justifiable that striking, 
and in some respects anomalous, as the character is, it cannot depend upon any very 
radical difference in the developmental process from that which results in the 
formation of an ordinary solid enamel 

This inference is borne out by the investigations to be related, which prove to 
throw much light upon the development of enamels other than those of Marsupials. 
In those Marsupials in which but few tubes enter the enamel, there is often little or 
no dilatation at the point of passage, nor is there any marked deviation in direction, 

p 2 H.3.98 
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the width of an enamel prism, so that the appeai'ances seen in ordinary ground 
sections would be equally consistent with their winding along in the interior of the 
prisms, or with their winding round their circumferences in the interstitial substance. 

Von Ebn£E (5) considers that they are certainly between the prisms, an opinion 
shared by Dr. Paul (10). But, after devoting a great deal of time to the elucidation 
of this point, I am unable to agree with these observers, and I believe them to lie in 
the interior of the prisms, a conclusion arrived at alike by the study of completed 
enamel and of its development. 

If a section be ground thin (till it is not much more than 5 /a thick), a troublesome 
thing to do, owing to the brittleness of enamel, and then very slightly washed with 
acid, the interstitial substance is acted upon more quickly than the prisms themselves, 
and the latter come more prominently into view as clear spaces with sharply-defined 
outlines ; but the tubes often cannot be seen at all in sections so treated. 

If such a section be stained with nigrosin, the interstitial substance takes the 
stain, while the prisms themselves do not, but the stain is not very deep, and the 
substance has a dotted or granulaa* appearance. At the same time, other finer lines, 
more darkly stained and much more sharply defined (fig. 10), come into view, and 
these are seen to run in the middle of the prisms^ but only for short lengths ; by 
alterations of focus, however, they can be traced farther, and it can be seen that their 
apparent disappearance is due to their following spiral curves, so that only short 
lengths lie in any one plane. 

They are found to wander as far as the interstitial substance, and then to return; 
moreover, in fortunate places, where the prisms happen to be cut transversely, a 
dark dot is seen in the centre, or near it, in each mapped-out area (fig. 3). I have, 
however, only been able to see this last-mentioned appearance in that part of the 
enamel which lies very near to the dentine, where the tubes are largest. 

Although much has been written upon the development of enamel generally, I am 
not acquainted with any detailed published account of the development of Marsupial 
enamel, nor, indeed, of any of the forms of tubular enamel. 

The material upon which the observations to be recounted have been made has 
been very kindly placed at my disposal by the Zoological Society, through the 
kindness of Mr. Beddard, and by Mr. Woodward, of the Royal College of Science ; 
to the latter I am also much indebted for the use of several beautiful serial sections, 
prepared by him with another end in view, namely, the investigation of the succes- 
sion of the teeth in Mai-supials. My material consisted of embryos of Macropods and 
of Hyrax, but unfortunately it is almost impossible to procure Marsupial embryos in 
first-rate histological preservation, as they are apt to have lain in the pouch for a 
time after their death, and this has added much to the difliculty of getting good 
sections. 

The problem of the method in which the tubular enamels are built up seemed an 
interesting one, as it was difficult to imagine in what way the epiblastic enamel CQuld 
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become i^enetrated by outgrowths from the mesoblastic dentine, especially when it is 
remembered that the . first thing formed is a thin layer of dentine, in which are 
containe<l only the fine terminations of the dentinal tubes, so that the enamel 
is at the very earliest period cut off from any communication with the dentine pulp, 
save through these fine canals and their contained fibrils. 

To meet this difficulty Dr. Paul (10) has suggested that tracts of dentine matrix 
enter and grow out into the enamel, carrying with them the dentinal tubes ; but this 
explanation I am unable to accept for reasons which will become sufficiently cleai\ 
But I may say at once that I have come to the conclusion that the tubes of the 
dentine cannot, in the strictest application of the terms, be said to enter the enamel 
at all ; it is true that the tubes in the enamel are continuous with those of the dentine 
at the point of junction of the two tissues, but those which lie in the enamel are 
wholly and entirely a product of the enamel organ, and cannot, therefore, be properly 
termed *' dentinal " tubes. 

I have been unable to discover the smallest difference between the enamel organs 
of Marsupials and those of other Mammals prior to the commencement of calcifi- 
cation. 

The first change observed is the formation of a thin layer of dentine, which differs 
from that ordinarily found in that it has no granular layer, but the dentinal fibrils 
are continued right out through it to its surface. If it so happens that in cutting 
the section, or from a little shrinkage in preparation, the enamel cells are parted from 
the thin first-formed layer of dentine, each enamel cell (hereafter called ameloblast) is 
found to be furnished with a process, the so-called Tomes' process, described years 
ago by my father (fig. 6). 

At the earliest stage the free extremities of the Tomes' processes are somewhat 
clubbed, and tend to cohere by their edges ; these enlarged ends seem to be con- 
cerned in the formation of the thickened joints already alluded to (p. 108), and they 
account for the cohesion of the tubes at the dentinal surface of the enamel when 
isolated by the use of an acid. At this period the Tomes' processes seem to become 
closely applied to, and to perhaps unite with, the terminations of the dentinal fibrils, 
but they become so quickly imbedded in pits of semi- calcified material that this is 
difficult to make out wdth certainty. 

As regards their taking stains they always behave precisely as does the plasm of 
the ameloblasts, of which they are obviously a continuation ; and in sections which 
are very thin, and which happen to hit the axis of a cell and its process, there is 
no appearance of cell membrane across the end of the ameloblast, but, on the contrary, 
its interior is continued without break into the process (figs. 6, 8 and 11) ; the nuclei 
of the ameloblasts lie near to the further ends of the cells, and ai-e always much more 
deeply stained than the plasm of the cells. 

The Tomes' processes are sofi/ and extensile, so that when the ameloblasts are 
displaced they may be drawn out into thin threads (figs. 5 and 8), which renders it 
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improbable that they have any membranous investment on their sides, although 
their sharply bordered outlines look as though they had one. 

At any but the very earliest stage in development the Tomes' processes are arte- 
fact ; that is to say, they are short portions of a much longer fibrillar process broken 
off at a certain uniform distance from the ameloblast, because at this point the 
impregnation with lime and perhaps other changes have rendered them harder. 

The Tomes' process is always, in my preparations, of smaller diameter than its 
parent cell, in the axis of which it lies, but I am unable to say how far this 
diminished diameter is due to the drawing out of an extensile substance, or to its 
shrinkage under the action of reagents ; if it could be seen, which it cannot, in a 
specimen not treated with any reagent, it is probable that it would be nearly or quite 
of the full diameter of the ameloblast, which about corresponds in size (3*5 ft to 4 /x) to 
the prism of completed enamel. 

The next appearance to which attention is directed, is one that is exceedingly 
conspicuous in the formation of Marsupial enamel ; it is that of a honeycomb, the 
partitions of which stain strongly with almost all stains, so that the youngest layer 
of enamel appears to be full of holes or pits (figs. 5 and 8). 

The appearances commonly seen are those represented in figs. 5 and 8, but these 
sections are more or less oblique to the axes of the pits ; if the section happens to 
more closely coincide with their axes, the appearance shown in fig. 11 is seen, where 
the Tomes' processes are seen to enter and fill up the pits. 

To the exact relations of this honeycomb to the ameloblast process I shall have 
occasion to recur later ; for the present, it will suflSce to point out a peculiarity in 
the honeycomb, which is, that it is most conspicuous at a certain stage of enamel 
formation, that is to say, near to the ameloblasts, but that in the somewhat older 
enamel it is lost and cannot be seen at all. 

This, which is at first sight puzzling, is, nevertheless, easily susceptible of explana- 
tion ; it is a familiar fact to every student of calcification, that just upon its bordei' 
line it is very common to meet with a half-calcified material which is very resistant 
to reagents, and which is very possibly a form of Harting's calcoglobulin (4). 
Such structures are to be found forming the linings of the dentinal canals as 
Neumann's sheaths, round the lacunae of bone, round the Haversian canals of bone, 
and, as a fenestrated membrane on the surface of developing human enamel when 
it has been treated with an acid. 

But when calcification has proceeded a little further, it loses this power of 
resistance and dissolves in acids. So that in the case of enamel, we have first the 
coherent ameloblasts, then a short region in which the Tomes' processes stand isolated 
from one another, then the honeycomb ; and, lastly, in the region of older enamel,, 
isolated fibres occur again in these decalcified sections of tubular enamel, though 
had an enamel with solid prisms been under observation, nothing at all would have 
remained here. 
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But in the case of a Macropod enamel, long fibres, extending in favourable eections 
through the whole thickness of the enamel formed and reaching to the dentine, are 
seen (fig. 9). I use the term fibres for want of a better, but it must not be thought 
to imply that they have any distinctly fibrous structure ; indeed, I can distinguish 
no structure in them. 

The existence of fibres in growing enamel was described by Dr. Andrew^s (12), in 
a valuable paper, at the conclusion of which he writes : *' I am led to believe that 
there probably exists in developing enamel, as has already been found in developing 
bone and dentine, a fibrous substructure on and between which the enamel is 
deposited. After the enamel is wholly formed, its existence seems to be wholly 
blotted out in the dense calcification of the tissue." This statement, so far as it goes, 
I can wholly confirm, so far as solid enamels are concerned. He, however, imagined 
that they proceeded from the cells of the stratum intermedium, which is ceii:ainly 
not the case. 

The fibres are beautifully seen in some of Mr. Leon Williams' photographs, but 
their full significance has not been recognised owing to their speedy disappearance in 
the formation of most enamels. In Marsupials, however, owing to the retention of a 
canal down the axis of the enamel prism, they persist, and can be more effectually 
studied. When the ameloblast processes have not been torn off at the level of the 
honeycomb region, they are seen to start out from the axis of each ameloblast, then 
at a little distance from it to be laterally glued together (fig, 7), and then to become 
distinct again and to run on to the dentine, getting smaller and more distinct from 
one another as they go, and sometimes showing very plainly the spiral turns 
characteristic of the tubes in the enamel, which indeed I believe them to constitute. 
As confirmatory of the view that the fibres calcify centripetally may be mentioned 
the fact that within certain limits the older the enamel, i.e., the further from the 
ameloblasts it lies, the smaller do the fibres, as seen in decalcified sections, appear. 

It has been pointed out by Mr. Leon Williams (14) that the long axes of the 
ameloblasts in many animals by no means correspond with the direction of the prisms 
of the completed enamel. This is perfectly true, but the direction of the fibres 
does; hence these often form an angle with the ameloblasts from which they 
spring. 

The ameloblasts stand, roughly speaking, at right angles to the surface of the 
dentine. That portion of the fine fibre which when broken off is called a Tomes' 
process, starts in the same direction, but in many places begins to turn off very 
abruptly about 6 ft from its parent cell, and afterwards undergoes other changes 
of course (fig. 9). How these changes of direction are brought about there is 
nothing to show, but I am satisfied that they correspond exactly with the course 
of the enamel prisms in the finished tissue. And it is possible to trace the fibres 
into continuity with the plasm contents of the ameloblast (fig. 6), so that we can 
safely say that each ameloblast sheds off from its open free end, or is converted 
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into, plasm which consolidates into a fibre, and that this fibre runs continuously 
through the whole thickness of the enamel. 

To return to the honeycomb structure, it appears that the membranous-looking 
exteriors of the fibres are fused with the partitions of the honeycomb, as is indicated 
by that portion of the fibril which intervenes between the ameloblast and the 
honeycomb shrinking a little so as to leave interspaces, whilst its attached ends do 
not shrink (tig. 11). This is also well seen where the fibrils have been drawn out, in 
which case the end of the fibre attached to the honeycomb retains its full diameter, 
that attached to the ameloblast a considerable part of its diameter, whikt the 
intervening portion is drawn out into a mere thread (figs. 11 and 8). 

Hence it is diflScult to resist the conclusion that the septa of the honeycomb are 
formed by calcification, or by changes preparatory to calcification, in or round the 
peripheral portions of the fibres, and that this progresses inwards towards their axes, 
slopping shorty however y in the tubular parts of a Marsupial enamel of reaching their 
centres, and so leaving a central canal down the axis of each fibre which remains 
uncalcified. 

In transverse sections of the honeycomb the spaces may sometimes be seen to be 
occupied by a less deeply stained circular body (fig. 4), though this often does not 
quite fill the hole. This, however, is probably due, not to such being its normal 
condition, but to its having shrunk a little where it is still soft, whereas the septa 
have become rigid, being further advanced in calcification. Oblique sections, 
though at first sight a little more confusing, lend themselves to the same interpre- 
tation. 

The ameloblasts, when cut obliquely, are difficult to define, though their nuclei 
remain conspicuous objects ; a little way from their ends the cells of the honeycomb 
show as ovoid openings (fig. 12), while beyond (above in the figiure) the tissue 
appears more solid. 

In the openings of the honeycomb, dark bodies, the fibres cut across, occur in 
many places, whilst in others they have fallen out ; but enough remain to show their 
identity with the row of oval dark bodies, which, with light interspaces, constitute 
the older, more solid portion ; this is especially well seen in fig. 12, in which it is 
obvious that the succession in series of dark ovoid bodies are not markings in an 
individual fibre, but consist of a series of parallel fibres cut across obliquely. 

This same appearance is seen in one of Mr. Leon Willlams* photographs (fig. 83 
of his paper), though he appears to interpret it differently. 

It will be noticed that in these oblique sections the partitions of the honeycomb 
are well stained, as they usually are; but as we progress further into the more 
formed enamel the corresponding areas become light, and it is the contained fibre 
alone that is stained. In fact, the septa have almost disappeared under the action 
of the decalcifying acid ; and, still further, in yet more developed enamel, they quite 
disappear, leaving the fibres fi^ee. 

VOL. ci^xxix. — B. Q 
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In other words, the most calcified portions dissolve in acid, those less calcified 
remain and take the stain ; while in completed enamel the interstitial parts remain 
the most susceptible to solution by acids, as is exemplified by the effect of wasliing 
a ground section of enamel slightly with weak acid. 



Conclusions as to the Development of Marsicpial Enamel. 

Each ameloblast gives origin to an axial prolongation of its own interior plasm. 

The ameloblast is not itself actually calcified, as was formerly supposed by many 
observers, myself included, but this fibrillar prolongation of its plasm does calcify ; 
hence it seems probable that a single ameloblast gives rise to the whole length of an 
enamel prism, itself receding as the enamel grows thicker. 

In each individual fibre calcification goes on from without inwards, leaving, during 
the formation of the greater part of the thickness of the enamel, a central tract soft 
and uncalcified. 

Ultimately, however, as the exterior of the enamel is approached, the axial canal 
becomes smaller and smaller, and finally thins out to nothing, so that a solid prism 
is the result. This occurs earlier in the process in some Marsupials than in others. 

The tracts of calcification belonging to each fibre do not fuse completely with their 
neighbours, but a small amount of interstitial calcified material is poured out between 
them. 

Nevertheless, it is not at all certain that each fibre has a membranous sheath, 
although it seems as if their outer were more dense than their inner portions. 
This theory of the calcification of enamel is quite in accord with the views 
expressed by Dr. Sims Woodhead (11). He holds that calcification is in a measure 
a sort of degenerative process, the stages of which are that the active pla^m becomes 
a " formed material," and that in this lime salts, brought and prepared by the still 
active tissues in its immediate neighbourhood, are deposited, their deposition taking 
place by physico-chemical processes, which he compares to dialysis. 

One diflSculty suggests itself in the acceptance of the theory here advocated, 
which involves the laying down of the enamel prisms as an organic matrix ; and this 
is the chemical composition of enamel. 

I have shown elsewhere (15, i.) that the amount of organic matter left in finished 
enamel, at all events in that of the Elephant, Horse, and Man, is exceedingly small, 
far less than the three to four per cent, usually given in analyses ; and it is hard to 
understand what becomes of the organic matter which must certainly at one time 
have been present. I have not succeeded in isolating a suflScient quantity of Marsupial 
enamel to ascertain with certainty what proportion of organic matter remains in it, 
but I have met with indications that it is at all events, just as might have been 
expected, materiaUy more than in the other Manunalian enamels. It is, of course, 
possible that the fibres, continuous though they are with the plasm of the cells, may 
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have already become themselves poor in organic matter. And it is not clear why, 
unless each fibre has a limiting membrane, the contiguous fibres do not completely fuse 
with one another ; in the most perfect human enamel the prisms are not exceedingly 
distinct prior to the application of a reagent, but washing with weak acid always 
renders them so, and it is seen that there is a small amount of interstitial substance 
which is more quickly acted upon than the prism itself, just as in Marsupial enamel. 

I do not propose in this paper to enter into the vexed question of the precise mode 
in which the lime salts are prepared and deposited, as to do so would extend it to an 
undue length ; whether von Spee (7), Andrews (12), and Willla^ms (14) are right 
in believing that globules of a semi-fluid material rich in lime are formed within the 
ameloblasts, and shed out from their ends, 1 am not prepared to say. Several of the 
photographs and drawings which illustrate this paper, show very plainly the appear- 
ance of those oval or spherical forms in the cells upon which their view is founded 
(figs. 5 and 8). 

And a photograph taken by me, many years ago, of the developing enamel of a 
species of HcUmaturus seems to lend some support to the idea that there may be 
some such material, as a vacuolated appearance shown in it is confined to a particular 
series of sections, and suggests the idea that it has been produced by some sort of 
coagulation of a semi-fluid material rather than that it is a real histological tissue. 

There are, however, some other appearances to which passing attention may be 
called, as they are shown in the illustrations to this paper. 

The ameloblasts vary much in length ; of course it has long been known that the 
enamel organ is more extensive upon the tooth germ than is the area upon which 
enamel is to be developed, and that the ameloblasts where no functional enamel is 
going to be formed are short and small. 

This variation in the length of the ameloblasts has been alluded to by Albertina 
Carlsson (13), when describing the early tooth germs of osseous Fish, but she 
speaks with reserve as to its significance. 

I have noticed, however, that they undergo a great increase in length in Marsupials 
even after calcification has commenced. 

Thus, at first, where but a thin layer has been formed, they are often not more 
than 30 ft long, whereas in the same or neighbouring sections, where the process 
is in full swing, they are as much as 45 or 50 fi long ; so far as it goes this would 
point to a single cell forming the whole length of the prism. 

Again, the appearance of the nucleus is often pecuhar ; its usual form is that of an 
oval, quite filling up the cell at the place it occupies, near to the distal end of 
the cell. 

But, in so large a number of sections as to render it unlikely that it can be 
due to any accidental cause, it has a square or even a concave end towards the 
forming enamel (fig. 9), while from the horns of the crescent thus seen in section 

Q 2 
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there appear to be processes running down towards the free end of the cell, though 
of the existence of these delicate fibres I ara not very certain. 

The plasm of the cell also has a markedly reticulate structure, the threads nmning 
principally in its length, but I have not succeeded in connecting them definitely 
with the developmental process (figs. 5, 6, and 8). 

It seems possible, if the nuclei do thus give origin to threads, that their concavity 
towards the forming enamel may be due to their being more tied at some points 
than at others, and so assuming this form during their progressive recession as 
enamel is being formed. 

The views advocated in this paper are quite at variance with those expressed 
many years ago by the late Professor Huxley (3), who believed that the enamel 
cells or ameloblasts were separated from the forming enamel by a membrane, so that, 
as calcification took place upon the opposite side of this membrane from that occupied 
by the cells, they could not take any direct part in the process. 

This view has not, more especially of late years, had many adherents, and there is 
amongst recent writers a tolerably complete consensus of opinion that the enamel 
cells do take a very primary and active part in the process. 

Miss NuNN (6) arguing to a considerable extent upon certain appearances which 
she had observed in the developing teeth of Plagiostomes, supported Professor 
Huxley's view, but in some particulars carried it yet further, the following being 
her conclusions : — 

1. The ciUicula dentis is formed by the metamorphosis, either in whole or in part, 
of the enamel cells, which have nothing whatever to do directly with the formation 
of the enamel. In its early stages the cuticula has frequently been considered 
as " the newly formed layer of enamel " and also as the basement membrane. 

2. The basement membrane may be demonstrated upon the surface of the tooth 
papilla and upon the tooth in all stages of development It becomes calcified with 
the other hard tissue of the tooth and cannot be separated by acid. 

3. The enamel, like the dentiue, owes its origin to the odontoblasts, the processes 
of which, in an early stage, may be traced quite up to its outer edge. 

The nature of the cuticula dentis, so long in dispute, seems to have been tolerably 
conclusively settled by the recent researches of Dr. Paul (9), who considers it to be 
a thing formed after the completion of the whole thickness of the enamel, and non- 
existent at any earlier stage in the process. From the shape, size and general 
appearance of the cell forms which can be traced in it (in describing wbich he has been 
to some extent anticipated by Miss Nunn), he concludes that it is formed not by 
the ameloblasts, but by the cells of the external epithelium of the enamel organ. 

If this be the case (and even if his conclusions be not in all respects correct), it 
would appear that Miss Nunn considers as one and the same thing structures which 
most observers hold to be two perfectly distinct things, namely, the membrane which 
can be raised by acid from the enamel of a complete but unworn tooth (Nasmyth's 
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membrane or cuticula dentis), and that which can be raised by acids from the 
surface of enamel only during its development. 

The latter is not a continuous sheet (15, ii.) ; at least it is a much perforated 
sheet, the perforations corresponding in size and position with the ends of the 
forming enamel prisms, and it is, I believe, entirely artefact, that is to say, it is 
merely a certain stage in the development of the enamel, of small vertical thickness 
in most enamels, but, in the form of the " honeycomb " of this paper, of greater 
thickness in Marsupial enamel. 

Nothing which is contained in Miss Nunn's paper appears to me to really militate 
against this view, and the long fibrillar processes demonstrated in the present paper, 
which are without question continuous with the ameloblasts, go to prove that there 
cannot be a membrane separating the ameloblasts from the forming enamel, and also 
that the ameloblasts do take a most active and direct part in enamel foimation. 

Miss Nunn's third conclusion, based apparently upon what she had seen in 
developing Plagiostome teeth, that the enamel owes its origin to the odontoblasts, is 
startling in being at variance with the almost universally accepted view that the 
enamel is epiblastic and the dentine mesoblastic in origin. 

Nevertheless, from investigations which I commenced only after this paper was in 
the hands of the Boyal Society and which I hope shortly to publish, I believe that, 
so far as the so-called enamel of Plagiostomes is concerned, she was nearly right, 
and had hit upon a significant discovery, in which she was partly anticipated by 
Hertwig, but which appears to have been overlooked by most subsequent writers. 

But so far from this observation being applicable as an argument as to the manner 
in which enamel generally is developed, I consider that it is to be interpreted quite 
differently. 

The existence of a strongly differentiated layer upon the mesoblastic dentine 
papilla of Plagiostomes, which Hertwig and she have quite rightly, though not in 
much detail, described, I can confirm, and it does certainly participate in the 
formation of the so-called enamel of these creatures. 

But I think that this goes to show that their so-called enamel is not fully homo- 
logous with that of higher vertebrates, for neither this layer itself nor anything 
corresponding to it has any existence in the Mammalian tooth germ. 

And, indeed, the suspicion that the enamel of Plagiostomes was not fully 
comparable to that of Mammals seems to have occurred to writers who have only 
investigated it in its completed condition ; thus the late Sir Richard Owen gave to 
it a special name, that of Ganoin, and more recently Jaeckel (16) speaks of it as a 
very low form of enamel, and proposes for it the name Placoiiischmelz. 

But I have only very lately adopted the view that the enamel of Plagiostomes is 
not fully homologous with that of Mammals ; and, indeed, in this paper, as originally 
presented to the Royal Society, I had di'awn comparisons between the tubular 
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enamels of Marsupials aud of Plagiostomes which I no longer consider to hold good 
in their entirety. 

The theory of enamel formation here advanced, whilst reconcilable with the figures 
given by Rose (8), is not quite in accord with the views recently advocated by 
Leon Williams (14), who is of opinion that the enamel prism (or rod as he generally 
styles it) is the thing first formed, and that the prisms are at a later stage of the 
process fused together by an at first semi-fluid material, which runs in between 
them ; whereas the illustrations which accompany this paper would indicate that the 
interstitial substance and the peripheries of the prisms are the first things to be formed. 

And whilst I admire the beauty of his specimens and of the photographs which 
illustrate his paper, I cannot help thinking that if he had had Marsupial enamel under 
observation, he would have drawn somewhat different conclusions as to the develop- 
ment of enamel generally.* 

The view that enamel formation essentially consists in the centripetal calcification 
of preformed fibres, is applicable to all enamels, and serves to render intelligible many 
facts that were otherwise difficult to understand. Tomes' processes and the existence 
of a thin iaheet of young enamel, which was perforated, have long been recognised 

* Mr. Leon Williams (14, i.) writes : " If we look closely at the last layer of developing enamel 
shown at d, we shall see that it contains a row of globular bodies of very regular and uniform sise. 
These are manifestly identical with those seen along the edges of the enamel in the aoid-ireated speci- 
mens shown in figs. 33 and 35 of this paper. They are quite distinct from the masses of calcoglobnlin, 
such as are seen at C, in fig. 38. In fact, they are often, I may say generally, obscured by the melting 
together of the large irregular masses. The enamel rods are built up by the successive, rhythmical 
orderly deposit of these bodies of uniform size, which I shall henceforth denominate the enamel globules. 
The larger, more transparent, and irregularly sized bodies of calcoglobnlin melt or flow together to form 
the interprismatic substance "(p. 36). 

" There are two distinct products of the enamel-forming organ. One of these products, from which 
the enamel rods are built up, is formed by the ameloblasts, and is probably a direct nuclear formation. 
In the enamel cells it takes the form of globular bodies containing granules, sometimes arranged with 
more or less order, so as to resemble the nucleus of the cell. In the formed enamel rod these globalar 
bodies are more or less compressed into disk-like shapes, and are sometimes nearly or quite melted into 
one another. Simultaneously or alternately with the deposit of the globular bodies a translucent 
substance like albumen in appearance is seen passing out of the ameloblasts. ThiH substance is probably 
taken from the blood by the secreting cells of the stratum intermediumy and evidently contains the 
mineral matter of which the completed enamel consists. As the globular bodies pass from the amelo- 
blasts they are seen to be connected with plasm strings, which strings can often be plainly seen in the 
body of the ameloblasts. The globular bodies are also often seen connected literally by strings or pro- 
jecting processes. Around the skeleton thus formed, which constitutes the real structure of enamel, the 
albumen-like substance flows, supplying the cement substance and probably the mineral matter, for the 
calcification of the whole " (p. 78). 

But Mr. Leon Williams in his earlier writings upon the subject (14, ii.) came, in my opinion, vory 
close to the true interpretation of the development of enamel, foi' he there wrote that in teased-out 
enamel cells a fibre runs out from the end of the cell, and that as the formation of enamel progresses 
the cells recede, leaving within the formed enamel what appears to be a fibre of living matter in the 
centre of the enamel prism. 
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both in human and other Mammalian enamels, and, indeed, traces of a honeycomb 
structure may often be seen. So also have the soft fibres been described by 
Andrews and others, but the full significance of these several structures has not been 
recognised, owing to their being so speedily obscured by the complete solid calcifica- 
tion of the enamel prism. 

Once grant that a manner of calcification, resulting in the formation of tubes, is 
the normal and indeed the universal procedure in the first instance, and that the 
differences are solely in degree ; that is to say, that the tube system is retained for 
the greater part of the thickness of the enamel, but is abandoned in favour of a scJid 
calcification in the outermost part of the enamel, in Marsupials, and that in the rest of 
Mammalia the tube condition is very transient, the fibres speedily becoming solid 
prisms, then the diflSculty of accounting for the occasional occiurence of tubes in 
human enamel (fig. 2), and for the reappearance of the tubes in certain Rodents, 
Inse^tivora, and in Hyrax (fig. 1), disappears, and it is not necessary, as heretofore, to 
seek a teleological interpretation for a structiure that we cannot see to be in any way 
advantageous : it becomes simply the retention of a stage of development through 
which all alike pass, and which some retain and others do not. 

The calcifying fibres seem to present some parallel with ordinary osteogenetic fibres, 
and perhaps, in respect of their imperfect calcification, with Sharpey's fibres, but they 
stand alone in being the product of epithelial cells, and also perhaps in being distinctly 
the extensions of individual cell contents. 

Tubular enamels are quite common amongst Fish, but until their development has 
been worked out, it is unsafe to draw close comparisons with them ; for at present it 
appears as though in them, or at all events in Plagiostome fish, a tissue which, when 
complete, has a good deal of resemblance to a Marsupial tubular enamel, has been 
formed by a developmental process by no means identical. 

Bibliography. 

1. Tomes, J. On the Structure of the Dental Tissues of Marsupials, and more 

especially of the Enamel Phil. Trans., 1849. 

2. On the Presence of Fibrils of Soft Tissue in the Dentinal Tubes. Phil. 

Trans., 18c6- 

3. Huxley, T. H. On the Development of the Teeth, and on the Nature and 

Import of Nasmyth's Persistent Capsule, Quart. Journ. Microscop. Science, 
1853. 

4. Habting, p. Morphologic synth^tique sur la production artificielle de quelques 

formations calcaires organiques. Acad^mie Royale NderlandaLse, Amsterdam, 
1872. 

5. VON Ebner. Streitige Fragen liber den Bau des Zahnschmelzes. Sitzungs- 

berichte d. Raiserlich. Akad., Wien, 1890. 



Digitized by 



Google 



120 



MR. C. S. TOMES ON THE DEVELOPMENT OP 



6. NuNN, Miss. On the Development of the Enamel of the Teeth of Vertebrates. 

Proc. Roy. Soc, vol. 34, 1882. 

7. VON Spee. Ueber die ersten Vorgange der Ablagerung des Zahnschmelzes. 

Anatom. Anzeig., vol. 11, 1887. 
* 8. Rose. Ueber die Entwickelung des menschlichen Grebiss. Verhand. d. Deutsch. 
Odontolog. Gesellschaft, vol. 3, 1891, and a figure copied from Rose in 
Quain's Anatomy, by Professors Sohafer and Thane, 10th ed., 1896. 
9. Paul, Dr. Nasmyth's Membrane. British Joum. Dental Science, 1894. 

10. On the Enamel Organ. Dental Record, 1897. 

11. SiMS-WooDHEAD, Dr. On Inflammation in Bone. Transacs. OdontoL Society. 

1892. 

12. Andrews, Dr. Contribution to the Study of the Development of Enamel. 

Trans. World's Columbian Dental Congress, Chicago, 1894. 

13. Carlsson, Albertina. Zahnentwickelung bei einigen Knochenfischen. Zoolog. 

Jahrb., Anat. Abtheil, vol. 8, 1894-5. 

14. Leon Williams, (i.) On the Formation and Structure of Dental Enamel. 

Dental Cosmos, Feb. 1896, et seq., and Journal Roy. Micros. Soc., 1896. 
(ii.) Dental Cosmos, 1884. 

15. Tomes, Charles S. (i.) On the Chemical Composition of Enamel. Journal of 

Physiology, 1896. (ii.) A Manual of Dental Anatomy, 6th ed., 1898, 
p. 164. 

16. Jaeckel. Abhand. Geologisch. Spezialkart. Elsass-Lothringen, voL 3, Part IV. 



Lettering Applicable to all the Figures. 



a. Ameloblasts. 
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d. Dentine. 
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e. Enamel. 
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Tubes in the enamel 
Boundaries of the enamel prisms. 
Enamel prisms tolerably advanced in 
calcification. 
k. Globular bodies of voN Spee and 

Andrews. 
I. Tomes' processes. 

s. Stellate reticulum of the enamel 
organ. 



Description of Plate 16. 

Fig. 1. Ground sagittal section of tooth of Hyrax; a slight bend and dilatation exists 
where the tubes pass from the dentine into the enamel. X 80. From a 
photograph. 
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Fig. 2. Human dentine and enamel (abnormal), showing a slight penetration of the 
enamel by continuations of the dentinal tubes. X 200, From a photo- 
graph. 

Fig. 3. Ground section of the enamel of Dasyui*us, near to the dentine, and parallel 
with its surface, so as to cut the enamel prisms transversely ; slightly 
washed with acid. X 1000. Drawing. 

Fig. 4. Section of young enamel of Halmaturus transverse to the cells of the honey- 
comb, decalcified and stained. The slightly shrunken fibrils are seen 
occupying the spaces. X 700. Drawing. 

Fig. 5. Developing enamel of Macropus. The section is not quite parallel with the 
long axes of the amelobleists, hence the cells of the honeycombed layer 
are opened somewhat obliquely. The ameloblasts are slightly pulled 
away from the forming enamel, so that their processes are drawn out and 
thinned down. X 700. From a photograph. 

Fig. 6. Ameloblasts of Mdcropiis, showing Tomes' processes and their continuations 
into long fibrils. At one side (the left) the section does not pass through 
the axis of the cell and its process, and here there is an appearance of a 
membrane across the end of the cell, which is absent at the other side. 
X 700. From a drawing. 

Fig. 7. A general view of the developing tooth of Halmaturus. To the right, near 
the top, is the stellate reticulum of the enamel organ, then the stratum 
intermedium^ the ameloblasts. Tomes' processes, and the longer fibrils into 
which they are continued. Below this comes a layer of dentine, enclosing 
the dentinal pulp. X 200. From a photograph. 

Fig. 8. Ameloblasts of Mao^opus, showing their processes, which have been much 
drawn out by the displacement of the cells. Below is the honeycomb. 
X 700. From a drawing. 

Fig. 9. Ameloblasts and their processes of Halmaturus. The nuclei of the amelo- 
blasts present an angular, sometimes almost crescentic form, and their 
processes undergo several abrupt changes of direction shortly after 
leaving the cells ; corresponding changes of direction occur in the tubes in 
completed enamel. In places the fibrils reach right across to the dentine. 
X 250. From a photograph. 

Fig. 10. A ground section of the enamel oi Macropus ^ which has been washed with 
acid and stained with nigrosin. The tubes are seen as short, curved, 
sharply defined lines, whilst the interstices of the prisms aie less deeply 
stained. X 500. From a drawing. 

Fig. 11. A somewhat oblique section of ameloblasts, their processes, and the pits of 
the honeycomb. . In this section there appears to be some diflferentiation 
of the axial portions of the fibrils, as ill-defined dark areas appear in 
their centres. X 800. 

VOL. CLXXXTX. — ^B. R 
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Ln oblique section through the ameloblasts, which are at the bottom of the 
figure; the honeycomb region; and, at the top of the figure, somewhat more 
advanced enamel. In this latter region many rows of parallel prisms or 
fibrils are cut obliquely, so that a pattern which does not belong to a 
single fibril or prism is produced. The interstices between them are here 
clear and unstained. X 650. From a photograph. 
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V. On the Biology of Stereum hirsutum (Fb.). 

By H. Makshall Ward, D.Sc., F.R.S., Professor of Botany in the University 

of Cambridge. 

Received November 23,~Eead December 16, 1897. 

[Plates 17-21.] 

Several anatomical studies of this well-known and common Hymenojnycete are to 
hand, of which the best are those of De Bary* on the general features of the young 
8porophore,t of HartigJ on the anatomy of the adult fungus and its behaviour in 
oak, the wood of which it destroys, of Massee,$ who treats of it in his account 
of the ThelephoresB, and of Istvanffi,|| who is concerned M-ith the distribution of 
the tissue systems. The only attempts known to me at cultivating Stereum hirsutum 
from the spore are those of Brefeld,! and these were not successful beyond the 
early stages of germination and development of a mycelium. 

During the past year I have been engaged in cultivating this fungus in various 
ways on difierent media, the primary object having been to see if any trace of the 
enzyme or enzymes it must contain could be extracted, and dealt with separately. 
The progress of events led the inquiry in other directions, since it was found possible 
to obtain excellent cultures in a pure condition and bring them after some months 
to the development of the fructification, with the basidia and basidiospores normally 
matured, and as this had not been done previously, it appeared worth while to 
pursue the results further.** 

The cultures were obtained in the first place by allowing sporophores of the fungus 
to lie overnight on clean glass plates, on which they deposited the spores in quantity. 
Some of these spores were then washed into a tube of sterile water, and drop- 

• * Comp. Morph. and Biol, of Fungi,' English edition, p. 63. 

t In the English edition, in the sixteenth line from top of p. 54, " upper surface " should be " lower 
surface'' according to the German edition of 1866 (p. 62). 

X ' Die ZersetsungReracheinungen des Holzes.' 

§ * Joum. Linn. Soc.,' Botany, vol. 25, pp. 107 ff. 

II • Peinqshbim's Jahrbucher f. Wiss. Bot.,' 1896, vol. 29, p. 391, Plate 4, fig. 15. 

IT * TJnters. aus d. Gesammtgeb d. Mykol.,* H. 8, p. 21. 

** The fact of this successful culture was announced at the Toronto meeting of the British Associa- 
tion, September, 1897. 

B 2 16.4.98 
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cultures and plates made with gelatine or agar containing 1 to 2 per cent, of sugar 
or a little raisin juice, in which they germinate readily. 

The myceJia grew rapidly, and were easily isolated and grown further on various 
media, tubes of agar consisting of 1 "5 per cent, of agar with 1 to 2 per cent, of 
brown sugar, and made with tap- water, yielded excellent results. 

The early stages of germination of the spores were followed in detail under high 
powers ; but, as they oflTer nothing new, I pass to the mycelium. A pure culture 
forms in a few days a thick white cushion exactly like cotton-wool, which, par- 
ticularly on sugar-agar, turns yellow-brown as it ages, and appears dense and 
felt-like. 

No further developments were obtained on these tube-, plate-, or drop-cultures ; 
and in the course of two or three months the dried up tube-cultures showed no trace 
of spores or other organs of reproduction. 

During the course of the experiments I transferred isolated mycelia to blocks of 
horse-chestnut prepared as follows : — 

Pieces of the wood, about 2 inches long by | inch broad and ^ inch thick, were split 
from the alburnum of a stem some 10 inches or so in diameter. Each block was put 
into a sterile tube plugged below and above, covered with water — in some cases with 
1 per cent, sugar solution — and steamed. The surplus liquid was then poured off, 
and the sodden block resting on the wet plug below then properly sterilised.* 

A. trace of the pure mycelium transferred to such a block grows rapidly, and in 
many cases three or four days suflSce for the development of a white patch, which, in 
a week or so, spreads over the whole surface as a delicate felt like cotton- wool ; and 
sections show that the hyphsB have begun to penetrate into the wood. 

This white felt goes on increasing in thickness for weeks, and in from two to four 
months it stands up from the surface in cushion-like masses |^ to :Jr inch high, so that 
the invested wood appears to be hidden in cotton-wool (Plate 17, fig. 3). 

Excepting that the primary growth was more rapid on the wood soaked in 1 per 
cent, sugar solution, I could detect little difference between the various blocks at the 
same temperature. The growth is best at ordinary temperatures (15°-18*^ C), 
though it progresses rapidly for a time at 20*^-25° C. At 30° and upwards it is 
distinctly poor, though I have not made exact experiments to determine the limits. 

I may add that my earlier work was directed to attempts to obtain direct evidence 
of the enzymes which must be assumed to exist in such a fungus, and the sugar 
solution was added to the wood because it seemed probable that, in the destruction of 
wood, the splitting of glucoside-like bodies occurs, and sugars become available for 
food ; the addition of a little sugar, therefore, would possibly accelerate the growth 
and activity of the fungus. 

For the present, however, the hope of obtaining such proof of the existence of 

* The employment of wood for certain cnltnres has been practised hy Costantik and Matbuohot 
(* Compt. Rend./ vol. 119, p. 752). 
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definite enzymes as I was seeking has had to be abandoned, though, as will be 
seen, plenty of indirect proof of them is forthcoming. 

On some of the blocks, after about three months' culture, the mycelial cushions, 
hitherto pure white like cotton-wool, showed yellowish patches here and there. The 
area of discoloration spread, the colour deepened to buff*, or almost orange, and, 
during the fourth month, the surfaces appeared raised as thickish bosses, in some 
cases accompanied by tears of clear watery liquid, apparently exuding from them. 
As the colour deepened the bosses seemed waxy or dry, sometimes with a bloom, as 
if powdered with mustard or yellowish chalk (fig. 2). 

I thought at first that an intruder had made its way into the culture, though it 
was not easy to see how this should be, considering the precautions taken. How- 
ever, the regularity and uniformity of appearance of just these yellow bosses, and 
no other change, in one tube after another during the fourth to sixth month were 
not consistent with the invasion of a foreign organism. 

Sections through these yellow bosses showed a dense meshwork of radiating 
hyphae and innumerable minute spore-like bodies, evidently arising at the powdered 
surface. At first I thought a sort of conidial stage had been disclosed,* but these 
fresh sections examined in water were not sujficiently clear to decide any such point. 

Most interesting results were obtained on cutting properly hardened and stained 
sections of the more prominent and somewhat waxy-looking older humps on cultures 
four months old and upwards, for the surface was found studded with typical basidia 
and basidiospores, showing that these humps were really small hymenophores. 

Fig. 2 shows a group of these hymenophores on a block of jEscvIus wood, with 
sugar, infected four months previously. This culture had been kept at ordinary 
temperatures, in the dark, firom March 7 (the date of infection) to May 25, thence 
onwards to July 2, in diffuse daylight at the same temperatures, ^.e., about 
15°-16° C, except on occasional hot days. 

Since the same buff-yellow, waxy-looking hymenial humps appeared on tubes of 
the same batch kept in the dark the whole time, I cannot attribute anything to the 
light. 

A section across one of these humps is figured in fig. 4 under a low power. 

It shows three principal regions : — (1) a base or core of loose hyphae, crossing and 
anastomosing in all directions, and with large interspaces : this is indistinguishable 
from the vegetative mycelium, the cotton-wool appearance of which is due to the air 
entangled in the meshes ; (2) an intermediate region of much more closely packed 
hyphse, radiating from this core ; and (3) the densely packed palisade-like ends of 
these radiating hyphae, forming the superficial hymenium. 

As I understand matters, the first region coiTesponds to the suhiculum of 

• Masses (loc.. city p. 120, and Plate 46, fig. 7) describes and figares oonidiophores, but I have not 
fonnd anything resembling his figure. 
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systematists,* the second to the suh-hymenial layer^ and the third is certainly the 
hymenium of basidia and barren ends, and I shall refer to them by these names in the 
following analysis. 

If a portion of a vertical section is more highly naagnified, as in fig. 5 (Plate 18), the 
Hubiculum is seen to consist of loosely interwoven hyphse, with dark spots in the meshes ; 
the sub'hymenial region shows radiating, branched hj^hse of two kinds, one of which 
is stained more deeply than the other ; and the hymenium itself forms a deeply stained 
palisade-like layer of basidia, each with four long sterigmata bearing the spores. 

Under high powers the dark spots in the subiculum are found to be pyriform 
swellings densely filled with contents which stain deeply, and are evidently developed 
as the swollen ends of the hyphse (fig. 6) ; the conspicuous radiating hyphse of the 
sub-hymenial layer are shown to be thin-walled, multiseptate filaments, with highly 
vacuolated contents, and branching in a sort of fan-like or falsely dichotomous 
manner, reminding one of the growth of many filamentous algae. The contents sta-in 
so much more deeply than do those of the thicker- walled hyphse in which they grow 
and intrude as into a matrix (fig. 7), that this system of hyphae is sharply marked as 
distinct. 

High-power sections, taken vertically through the hymenium (fig. 8), present little 
that is not known, but attention may be drawn to the facts that the young spores 
are round, and that they become more and more elongated as they mature ; that 
the large basidia are clearly the ends of hyphal branches coming up from the sub- 
hymenium ; and that many of the ends of the branching hyphae remain barren. As 
fig. 9 shows, some of these barren ends grow out like paraphyses or cystidia here and 
there, but I am not sure whether this is a mere accident or an expression of the fact 
that, after the present crop of basidiospores is matured, these intermediate hyphsB 
grow forward, and develop the new hymenial layer, thus accounting for the periodic 
zones of growth found in older hymenophores.t 

The observation that the sub-hymenium of Stereum hirsutum contains two kinds of 
hyphae was apparently new, though the presence of a sort of laticiferous system in 
other species of this genus is well known,J and on cutting sections of the mature 
sporophore of specimens kindly sent me by Mr. Masseb I find them there also, thus 
confirming Istvanffi,§ who had already figured them. Tliey are quite evident in 
thin sections parallel to the surface of the hymenium, and therefore transverse to the 
course of the hyphae themselves. 

I am quite unable to explain in detail the significance of the pyriform swellings in 
the subiculum and the two kinds of hyphae in the sub-hymenium. Istvanffi speaks 

• E,g.y Massee, loc, city p. 119. 
t See also Db Baet and Hartio, loc, cit. 

X Istvanffi and Olsen, ' Bot. Centr.,' vol. 29, 1887, p. 373 ; * Pbingsheim's Jahrb.,' 1896, vol. 29, 
p. 391 ; Masses, loc, cit,, p. 121. 

§ Loc, cit., p. 391, and Plate 4, fig. 15. 
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of a Leitungssystem in regard to one kind of hypba, but there seems no direct 
evidence of function. In some sections the pyrlform swellings give out branches, and 
present a curious formal resemblance to ganglion-cells when stained, but whether these 
branches run up as the hyphse which terminate in the basidia, or as those which end 
like paraphyses, I cannot as yet determine. It is also very diflScult to determine 
which hyphse are and which are not segmented. It would be an interesting point in 
relation to the phylogeny of this fungus if the hyphal arms connected with the 
pyriform bodies end in basidia, since the view which would suggest itself to the 
advocates of the Brefeld school of morphology would no doubt be that the pyriform 
bodies are the homologues of chlamydospores. At present I can throw no certain 
light on this. Up to the present, moreover, I have not been able to make the 
sporophores grow out into the bracket shape so commonly observed in such fungi in 
the open ; the air and space at the disposal of the imprisoned fungus are, of course, 
limited, and no doubt aflfect this matter. 

As already said, the only attempts at pure cultures of Stereum known to me are 
those of Brbfeld,* who tried nine different species of this genus, including S. Mr- 
sutum, but failed to obtain anything beyond the barren mycelia. He says : " Die 
Mycelien endeten nach langer Cultur trotz riesiger Ausdehnungen auch im Luftmycel . 
ganzlich steril an alien secundaren Fruchtformen und auch an Basidienfruchten." 

This is very definite, but since Brefeld does not allow us to know what medium 
he employs in the culture of these fungi, no suggestion can be offered in explanation 
of his failures. 

Bbefeld says the hyphae of Stereum are devoid of clamp-connections in the young 
mycelia grown by him, but Massee, in his excellent "Monograph of the Thele- 
phore^/'t says these are probably present in all species having septate hyphse, and 
figures them in the closely allied Corticium. They certainly appear to occur 
occasionally, as seen in figs. 11 and 12, but they seem to be rare. 

Another point in dispute is the size of the basidiospore^ of Stereum hirsutum. 
They are given by MasseeJ as globose, and 5 ft in diameter. Winter also gives 
them as *' Sporea kugelig, sehr klein."§ Zopf|| describes them as cylindrical, with 
rounded ends, 6-8 jn long and 2-3 fi broad. CookeIT makes no mention of their 
size or shape, nor does Stevenson.** Costantin and DufourU* say the spores are 
cylindrical, but give no measurements. 

• 'Unters. ans dem Gesammtgebiete d. Mjkol.,* H. 8, 1889, p. 21. 

t * Journ. Linn. Soc.,' Botany, vol. 25, No. 170, 1889, p. 116. 

J *Brit. Fung. Flora,' vol. 1, p. 131. 

§ Rabknh., 'Die Pilze,' Abth. 1, p. 345 

II 'DiePilze,'p. 341. 

t 'Handbook,' vol. 1, p. 316. 

•* * Brit. Fungi,' vol. 2, p. 268. 

tt ' Nouvelle Flore des Champignons,' 2nd ed., p. 182. 
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Brefeld* merely refers to " Kleine, farblose und Krumme sporen," and HARTiot 
says they are himfoi'migen. 

That some of the differences depend on the age of the spores measured may well 
be assumed. I find them long, ovoid, or pear-shaped to shortly cylindrical, and 
5-6 ft long by 3-4 fi broad, and, in order to be sure that my earlier measurements, 
&c., were correct, I subsequently asked Mr. Massee to send me some fresh specimens 
of S. hirsutum, and confirmed them on the fresh spores (in water) obtained from the 
hymenia he kindly selected for me. 

At an early stage in the investigation sections were made of the infected blocks of 
^sculus wood put into absolute alcohol at various dates as the work proceeded. 
These gave very satisfactory preparations, and showed clearly that not only the 
medullary rays, but the vessels, tracheids, and all the elements of the wood, are 
invaded, the easiest passage for the pioneer hyphse being the medullary rays exposed 
on tangential sections and the cut vessels on the transverse sections. 

A week suffices for the entry of the hyphse, some of which are found to have pene- 
trated to firom 6 to 10 elements deep from the tangential face ; and in a month almost 
the whole of the wood is invaded, and the cavities of the vessels show the hyphae, of 
yarious thicknesses, branching and growing into tufts in all directions. 

In order that no question of a possible sweeping in of hyphse from the outside, 
during the cutting, should arise, I wiped off the external mycelium from the block, 
and then scrubbed the whole surface with a hard brush before cutting. 

Moreover, as the figures show {e.g.^ figs. 10-12), it was quite easy in many cases 
to trace a hypha through several cells or tracheids, especially radially, and to see that 
it always passes through the pits. Not only so : thickish sections showed the hyphse 
in the vessels which had not been opened by the razor. The lateral extension from 
the medullary rays or vessels into other elements is through the bordered or other pits 
(figs. 11 and 12) ; and it is very evident, in some transverse sections, that the spring 
wood is invaded much more rapidly than the autumn wood of the same annual ring 
(fig. 13). 

Excellent preparations of these hyphse in the wood can be made by overstaining 
the sections in very dilute Delafield's hsematoxylin^ or by Gramm's method with 
gentian violet,§ and then washing out in water and successive concentrations of 
alcohol before clearing and mounting in xylol Canada balsam in the usual way. 

The results are even better If such sections are prepared, not from alcohol material, 
but from blocks which have been boiled to fix the hyphse in situ, and then passed 
through 50 per cent., 70 per cent., 90 per cent., and finally into absolute alcohol. 

The Bjoiion of the fungus on the walls of the elements, especially the fibres and 



• Bebpbld, loc, citj p. 21. 
t Haetio, he, ciL, p. 130. 
X See Zimmirmann's ' Botanical Microtechnique,' p. 180. 

§ ZlUHERMANN, p. 185. 
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tracheids, is particularly evident in transverse sections of jEscuIus wood after three 
to four months. 

Thin sections show that the thickening layers next the lumen are no longer homo- 
geneous in appearance, but have swollen and separated from the layers next the 
middle lamella, and lie loose in the cavity, often contorted or wrinkled in curious 
shapes, evidently because their prison is too small for the swollen layers (see figs. 
17-19). This is particularly clear in cases where the section has passed through a 
pit, for the swollen layers here form a ring, broken at the pit and folded or coiled 
according as the severed ends abut on one another or glide one over the other 
during the swelling (tigs. 18 and 19). 

It is a common event in such sections to obtain beautiful transverse sections of the 
hyphse running vertically in the tracheids, &c., and these are evidently held in 
position by the gelatinised swollen layers referred to (figs. 18 and 19). 

Sections such as the above placed in chlor-zinc-iodine at once undergo colour 
changes which betray what has happened, for while the middle lamella comes out 
deep yellow, and the lignified layers next it a paler, but still bright, yellow, the 
swollen layers turn blue, often deep blue-black, but varying in hue from that to pale 
violet. These swollen layers, then, have been delignified, and consist entirely, or 
almost entirely, of cellulose. These colour contrasts are very striking and beautiful, 
as shown in fig. 18. 

Equally convincing and striking are similar sections treated with phloroglucin and 
hydrochloric acid (fig. 19). The middle lamella is deep rose-red, the layers next it 
paler, but still distinctly red, but the swollen layers remain colourless ; they contain 
no lignin. 

The results with aniline chloride, and with other reagents for differentiating 
lignified membranes from those devoid of lignin, are in harmony with the above, and 
it becomes certain that the action of the hyphse is to slowly delignify the walls from 
the lumen outwards. That this is a progressive action is clear from testing the wood 
at various stages. During the first month I find no distinct reactions with the above 
reagents, and stains, such as Delafield's haematoxylin, do not colour the walls blue 
or purple, but merely brown or yellowish ; but in some cases a thin lining layer is 
found to react in wood acted on by the fungus for six weeks to a couple of months, 
and the altered layer gets more and more decided as the action progresses, till the 
beautifully clear reactions above described are obtained after three to four months. 

As the action proceeds — e,g,y after five or six months — the swollen layers gradually 
disappear from within outwards, and the layers next the middle lamella react less 
and less to phloroglucin and aniline chloride, and stain blue or violet in chlor-zinc- 
iodine or in hasmatoxylin, and may separate from the middle lamella. 

The above results demonstrate in detail that the hyphse attack the walls of the 
tracheids and other wood elements of ^senilis from within, gradually delignify them 
layer by layer, and then consume the swollen cellulose matrix. Hartig had 

VOL. CLXXXIX. — B. S 
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,ted in general terms that Stereum hirsutum acts thus in the oak, but he 
;hat in some cases the elements of oak wood are isolated by the middle 
iig first dissolved. Whether this depends on differences in the action on 
his having some other fungus present — he employed diseased wood from 
•or his examinations, and so ran the risk of contamination — I cannot yet 
y cultures on oak are still too young to determine the point, nor have I 
led in extracting from my cultures the enzyme, which must be assumed 
liich effects the delignification.* 

ents were made to test the growth on other woods than jEsculus. Blocks 
id of Willow were used, prepared as before, with water only, and gave the 
ts 80 far as the sap-wood is concerned, but it happened that in blocks 
siined heart-wood only the growth appeared to be arrested (see fig. 1). I 
lad series of blocks cut entirely from the heart and entirely from the 
f both pine and willow. In all cases the growth on the sap-wood of both 
rapidly, whereas scarcely any mycelium at all was visible on the heart- 
ither pine or willow. Even after three months the cultures on the 
show only a sparse cobweb of mycelium, not hiding the wood, and 
n scarcely visible ; whereas the mycelium on the sap-wood, same age and 
by side, is a thick white, cotton-wool-like cushion, completely hiding the 

30d (fig. 1). 

to test more completely the action of the fungus on heart-wood and sap- 

crtively, I made the following cultures : — 

bes each of sap-wood of oak, horse-chestnut, willow, and pine, and three 

L't-wood of each, were infected in July and placed side by side and kept 

conditions — 15°-18° C. in the dark. 

Der, after three months of undisturbed growth, all the cultures had 

and showed marked contrasts between sap and heart-wood in each case, 

illy in those of oak, willow, and pine, where the differences between 

nd heart are most pronounced. 

jelia in the heart-wood cultures were almost entirely confined to thin, 

J, superficial growths, which scarcely obscured the view of the wood 

ea in the most luxuriant specimens, and in many cases were so incon- 

at the wood appeared unaltered, and no mycelium could be seen at all 

examination in an oblique light betrayed it. In these cases I am speaking 

jd eye characters. 

sap-wood, on the contrary, the mycelium had formed a dense white felted 

ke cotton-wool, and even in the feeblest specimens the wood was entirely 

s term for the sake of brevity, in spite of the fact that lignin and ligoification can no 
yrded as the simple matters they were once snpposed to be. Bourquelot (see * Zeitschr. f. 
:h,' ] 895, p. 39, for reference) finds emalsin-like enzymes in these wood fungi, which spht 
3 tesculiu, conifenn, &c., into sugars and other bodies. 
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covered. Evidently, therefore, the fungus grows more luxuriantly in sap-wood than 
in heart-wood — at any rate, of the species of tree examined. 

The same truth comes out on examining the specimens with regard to the presence 
or absence of young hymenia, the waxy yellow humps showing up distinctly on 
several of the richer growths on sap-wood of oak especially ; whereas no traces of 
incipient hymenia were visible on the poorer growths on the heart-wood. 

That light is not necessary to the development of the fungus, or of the hymenia, 
comes out clearly from the above. But, side by side with the series referred to, I had 
prepared in July an exactly corresponding seriea, i.e., three tubes each of heart- and 
sap-wood of oak, willow, jEscuIus, and pine, infected at the same time and kept side 
by side at 15°- 13° C. in the light. 

The same facts came out on examining the three months' cultures in October. In 
all cases the growth was luxuriant on the sap-wood, and in some cases had proceeded 
so far that incipient hymenia were visible ; whereas on the heart-wood the mycelium 
was much more feebly developed, and no hymeuial beginnings were perceptible. 

It is, perhaps, premature to speculate on the causes of these difierences, since they 
may reside in difference of food-materials in the walls of heart- and sap-wood respec- 
tively, in the existence of antiseptic bodies, in differences of mechanical obstruction 
to the entry of the hyphae, or in other factors ; but taking all observations together, 
I suspect that aeration — ventilation — is at the bottom of the whole question, and I 
am now carrying on experiments which will, I hope, settle the matter. 

In this connection it may be interesting to compare the normal structure of the 
woods o{ jEscuIics, Salix, Quercus, and Pinus. The latter consists, as is well known, 
of tracheids only, apart from a few wood-parenchyma cells near the resin passages, 
and since the heart-wood is full of resin, and the tracheids closed, the fungus hyphse 
will have peculiar difficulty in obtaining air. Apart from other causes, therefore, I 
attribute the poor growth on pine to this difficulty. 

In oak we find large vessels in the spring wood, and smaller ones throughout the 
summer wood, together with tracheids, wood-parenchyma, and fibres ; moreover, the 
medullary rays are in part very broad, whereas in Pinics they are all very narrow. 
But in the heart- wood the vessels are rapidly stopped by tyloses, and the sap-wood 
is very narrow. Hence the ventilation of the heart- wood is difficult. 

j^sculus and Salix both have small numerous vessels and much fibre, but no 
tracheids and very little wood -parenchyma. Whereas Salix forms a distinct heart- 
wood, that of jEscuIus is very little, if at all, different from the sap-wood, and no 
doubt the much freer growth of the hyphse in the " heart-wood " of jEscuIus is 
correlated with this fact. At the same time the matter deserves further examination. 

Hartig in his work, * Die Zersetzungserscheinungen des Holzes ' (p. 129), gives 
an account of the destruction of oak-wood by S. hirsutum, but his description refers 
to that wood only, and to the rot as it occurs in the forest ; no question of pure 
cultures is touched by him. 

s ? 
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He regards the fungus as a saprophyte, though much damage accrues to living 
trees owing to its spreading from dead wood into the trunk. 

It is significant that Hartig found two modes of action of the fungus. In some 
cases, the middle lamella is first destroyed, and the elements isolated ; in others, the 
walls of the elements are destroyed from within outwards. In the first case, the 
walls are delignified and converted into cellulose before final solution ; in the second 
case, no such conversion to cellulose precedes solution. 

His description does not refer to any mixture of bacteria or other fungi as being 
present, but it seems very likely that such would be the case in wood taken from 
such rotten branches, and if so, the question arises how far the changes depicted are 
due to Stereum alone, and how far to other organisms. 

I have made a few preliminary experiments with promising results. Blocks of 
oak were prepared as usual, but before infection I poured into the tubes a few drops 
of water in which rotting wood, swarming with bacteria, had been crushed in a 
mortar, and which had been filtered through ordinary filter paper. Of course, the 
method of pure cultures is here abandoned, but since one of the blocks developed a 
crop of Stereum hymenophores, it will be worth while to go further into this question 
of possible symbiosis. 

I have also tried a method of obtaining the wood blocks free from organisms 
without sterilisation by heat ; but as yet certain difficulties have not been overcome. 




Explanation of the Figures.* 
PLATE 17. 

Fig. 1. Pure cultures of Stereum on blocks of willow wood, sterilised in water only, 
and grown for 91 days at 22° C. in the dark. The block to the left is 
of sap-wood, and is covered by an abundant mycelial felt, like cotton- 
wool ; the block to the right (heart-wood) shows a much poorer 
development, though both were treated alike. Photographed from the 
original culture. 

Fig. 2. A culture on jEscuIus wood, to which 1 per cent, solution of sugar was 
added. The growth is 112 days {i.e., nearly 4 months) old, and was 
kept at 20° in the dark ; the small shaded patches are incipient yellow 
hymenial cushions. Photographed from the original culture. 

Fig. 3. A culture on sterile jEscuIvs wood, to which 1 per cent, sugar solution was 
added, after 117 days {i.e., about 4 months) at 15° C, during the first 
79 days in the dark, the rest of the time in diffused light. An 

* The photographs and figs. 4-11 were prepared by Mr. W. G. P. Ellis ; figs. 12, 16, and 17 by 
^r. Hill ; and figs. 13-16 by Miss Pertz. I have great pleasure in recording my thanks for this help. 
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abundant crop of hymenial cushions has been developed on the surface 
of the cotton- wool-like mycelium. Photographed from the original 
culture. 
Fig. 4. Vertical section through one of the yellow waxy hymenial cushions of fig. 3 
under a low power. Three regions are visible, viz., (l) it central basal 
one of loosely felted hyphee, with small swellings here and there showing 
as dark points; (2) a more peripheral region, with the hyphae moje 
densely packed and radially directed ; and (3) the outer layer of basidia 
covering the surface. 

PLATE 18. 

Fig. 5. A portion of the cushion more highly magnified, and showing the three 
regions still more distinctly. The intermediate layer — No. 2 in fig. 4 — 
is composed of two kinds of hyphae. The dark spots m the basal region 
are pyriform swellings of certain branches. 

Fig. 6. Portion of a section taken vertically through the basidial layer under a high 
power, and showing basidia and basidiospores, with intervening barren 
filaments, in various stages of development. 

Fig. 7. Part of vertical section through the central basal region of fig. 4, highly mag- 
nified, and showing the pyriform swellings on certain of the hyphae, which 
are the dots in the figure referi'ed to. 

Fig. 8. Part of the region of radiating hyphae between the basidial and basal regions 
last figured, and comprising No. 2 in fig. 4. The hyphae are seen to be of 
two kinds. One set, with vacuolated contents and distinct segmentation 
and branching, stain more deeply than the faintly marked hyphae which 
serve as a matrix for them. 

Fig. 9. Vertical section of hymenium, showing the prolonged cystid-like paraphyses. 



PLATE 19. 

Fig. 10. Transverse section of j^sculus wood from a block infected 2 months pre- 
viously, showing hyphae in the vessels and other elements, and passing 
radially from one to another. 

Fig. 11. Tangential section of same block, showing hyphae of two sizes in the large 
vessel to the left, and smaller ones passing from fibre to fibre through 
the simple pits. 

Fig. 12. Part of a tangential section of ^sculus wood exposed 4 months to the 
action of the fungus. Large irregular holes are to be seen in some of the 
walls, due to the solvent action of the hyphae passing through them. 
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PLATE 20. 

Fig. 13. Transverse section through jEscuIus wood after 4 months' exposure to 
action of the fungus. The autumn wood of the annual ring has the 
walls of the elements still intact ; those of the spring wood have the 
inner layers swollen and separating, under the action of the contained 
hyphse. 

Fig. 14. Portion of a radial section through same block as fig. 13. The hyphse have 
invaded all the medullary ray cells. 

Fig. 15. Tangential section of same. 

Fig. 16. Part of transverse section of jEscuIvs wood not attacked by Stereum — i.e., 
normal. 



PLATE 21. 

Fig. 17. Similar section of wood invaded by the fungus, and exposed 5 months to 

its action. The inner walls of the wood elements are seen swollen and 

wrinkled. 
Fig. 18. Portion of a similar section in chlor-zinc-iodine. The swollen inner cell- wall 

layers turn blue or violet, while the enclosed hyphse and the still lignified 

parts of the walls are yellow. 
Fig. 19. Similar section in phloroglucin and H.CJ. The lignified parts are coloured 

rose-red, while the delignified swollen inner layers are not coloured. 
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VI. An Investigation on the Variability of the Human Skeleton: toith especial 
reference to the Naqada Race discovered by Professor Flinders Petrie in his 
Explorations in Egypt. 

By Ernest Warren, B.Sc. University College^ London. 

Communicated by W. F. R. Weldon, F.R.S. 

Received April 2,— Read Jane 3, 1897. 

[Plate 22.] 

The present investigation was undertaken for the purpose of obtaining some insight 
into the variability and mutual relationships of certain parts of the human skeleton. 
To work at such a problem is only possible under the rarest circumstances, for the 
material must be at leapt fairly homogeneous and in far larger quantity than is 
ordinarily obtainable. 

The valuable material with which I worked consisted of an extensive collection of 
skeletons belonging to the " New Bace." 

The race so-named has recently been discovered by Professor Flinders Petrie in 
his explorations in Egypt, and, in his opinion, we have here '* a branch of the same 
Libyan race that founded the Ammonite power." The period ascribed to the New 
Race lies between 3000 and 4000 B.c. 

In discussing my measurements I considered it expedient to give some idea of 
the more obvious ethnological characters which the material exhibited, but it must 
be clearly understood that this side of the subject was not the primary object of my 
investigation. 

The skeletons were disinterred from an ancient burial-ground covering a vary 
extensive area, and including several thousand graves. It was situated in the 
district between Ballas and Naqada, some 30 miles north of Thebes, and on the 
west side of the Nile. 

Each grave had a number assigned to it, and when a skeleton was found therein 
this number was written on the skull and on all the more important bones. 

In some cases remains of more than one skeleton were found in a grave, and then 
identification of the bones into the respective skeletons sometimes became impossible. 

Through the generosity of Mr. A. B. Pearson-Gee, the skeletons were carefully 

26.4.98 
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packed and brought to England. On their arrival they were taken to University 
College, where the various investigations have been carried out. 

A series of measurements have been made on the skulls by Mr. Herbert 
Thompson, and some of the results have ah-eady been published by Professor Petrie* 
and by Professor Karl PEARsoN.t 

In the autumn of 1895 the skeletons were most kindly placed at my disposal by 
Professor Petrie, and I desire to heartily express to him my gratitude for the use of 
the bones. I also wish, in this place, to very warmly acknowledge my indebtedness 
to Professor W. F. 1{. Weldon for many valuable suggestions and for encouragement 
in this laborious undertaking, also to Piofessor Pearson and to Professor G. D. 
Thane for kindly criticism and ever-ready help. 

The measurements were taken by means of an osteometric board, kindly lent for 
the occasion by Professor Stewart. This board has two uprights, one is fixed and 
the other slides over a scale graduated into millimetres. 

The bone is held horizontally in position, one end is placed against the fixed 
upright, and then the sliding upright is brought up against the opposite extremity 
and the measure is read off from the scale. For certain measurements it was 
necessary to use two projecting styles fixed to the uprights. 

The measurements were recorded to the tenth of a millimetre. A small series of 
bones were re-measured on an independent occasion, and it was found that the mean 
difference between the measurements was only. 0*37 mm. Such a result as this 
would be scarcely possible with recent bones, for the mere variation in the humidity 
of the air would produce a greater difference in the measiures. 

The observations will be dealt with in three separate sections ; (1) the limb bone^, 
(2) the sacrum, (3) the scapula ; finally, we shall give a short summary of results 
and a few general conclusions. 

I. THE LIMB-BONES. 

We will first describe the various measurements made on the different bones. 

1. The Femur. 

(a.) The length AB (see fig. 1 in the Plate), which is the distance between the 
most prominent point of the head and that of the inner condyle, is called the maxi- 
mum length. 

(h.) The "length in oblique position" (= BF) was measiu-ed by placing the 
condyles flat against the fixed upright. This gives the effective length with regard 
to stature ; it is the oblique length. We may express the relation between these two 

AB 
dimensions by finding the angle ABF, which is equal to sec"^ — . Since the condyles 

♦ * Naqada and Ballas,* 1805, p. 51. 
t ' Phil. Trans.,* A, vol. 187 (1896), p. 279. 
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are practically horizontal when the knees are close together, this angle will depend 
to a large extent upon the width of the pelvis, and so will be greater in woman 
than in man. 

(c.) The Angle of the Neck with the Shaft. — If lines are drawn parallel to the 
axes of the neck and shaft, they will intersect at a point O (fig. 1). This was done 
on both the anterior and posterior surfaces of the bone. The central point (C) of 
the inner surface of the head was readily found, then the length CD was measured. 
OD and OC were measured on both sides of the bone and the mean was taken. It 
appeared to me that these dimensions were obtained more accurately by this method 
than if the anterior surface alone were taken. 

OC = Length of Neck + Head. — The point is always close to the tubercle on 
the trochanteric ridge and often actually on it. Some anatomists measure to the 
tubercle ; and this measurement is very nearly equivalent to OC. 

OD = Length of Shaft. — The angle DOC, which is the angle of the neck with the 
shaft, was found by the solution of the triangle DOC. This angle was determined 
on 140 femora. 

{d.) The Angle of Torsion. — To measure accurately the real angle of torsion 
seemed to me excessively diflScult. The angle I measured was the inclination of the 
neck to the horizon when the bone is held horizontally, with the condyles placed on 
a flat surfaca This angle is certainly closely proportional to the true torsion angle 
and is not far removed from it. The following was the method employed. A point 
C (see fig. 2) was found on the head, such that O'C was parallel to the axis of the 
neck ; O'C was measured. The bone was then placed in the position indicated in 
fig. 3, and the movable upright was drawn along till the point of the style was seen 
to be vertically above the point 0'. The eye was placed about 2 feet above the 
bone. The distance between the points of the styles was recorded (= O'C"). Now, 

which is equal to the angle which the neck makes 

with the hoiizon. The effect of parallax was the chief source of error in this 
method, but several measurements were always taken and the mean determined. 



the angle C'0'C" = sec-i^;, 



2. The Tibia. 

(a.) The maximum length in the long axis of the bone ; thus, both the spine and 
the malleolus are included = AB (fig. 5). 

(6.) The length FB", which is the distance from the centre of the inner condyloid 
surface to the tip of the malleolus. 

(c.) The length FB' measured from centre to centre of articular surfaces. 

3. The Fibula. 

The maximum length. 
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4. The Humerus. 

(a.) The maximum length AB (see fig. 4). 

(h.) The oblique length FA ; this measure corresponds to the oblique length of the 
femur. 

5. The Radius. 

(a.) The maximum length in the long axis of the bone AB (fig. 6). 

(6.) The distance between the points where the longitudinal axis of the bone cuts 
the proximal and distal articular surfaces (= FB'). This measure answers to the 
third on the tibia, and it would appear to give the true functional length of the 
bones more nearly than the other dimensions. 

G. The Ulna. 

(a.) The maximum length in the long axis including the styloid process. 
(h.) The distance between the centre of the distal articular surface and the point 
where the longitudinal axis cuts the surface of the oleci-anon. 

7. The Clavicle. 

The maximum length when the bone is placed on its ventral edge. 

The Detbrmination of Sex. 

This has been a matter of very considerable diflSculty, and it will be seen from 
the tables of measurements that no decided opinion could be expressed in the case 
of a large number of skeletons. 

Professor Thane had made a careful sex-determination on the skulls, subsequently 
he did the same for the hip-bones. Besides this, every bone, when taken from the 
packing-case and measured, was noted down as " male," ** female," or " doubtful." 
The several bones of the different skeletons were quite indiscriminately mixed, and 
so each bone was pronounced upon independently. The general form or robustness 
of the bone, the muscle impressions, &c. , were taken into account. On subsequently 
sorting the measurements into skeletons it was found how far the different deter- 
minations agreed. In a considerable number of cases there were no discrepancies, 
in other cases there was a quite clearly-marked preponderance of either " male " or 
" female," then the skeleton was assigned to the sex possessing the preponderance. 
Sometimes the sex remained altogether doubtful. 

llie sex-determinations having been made in this way from the long-bones, they 
were compared with those obtained from the skulls and hip-bones.* It was found 
that they agreed very fairly well with the skull determinations but still better with 

* In many cases the fragmentaiy skeletons having skalls had no long-bones, and vice versd ; similarly 
with the hip-bones. 
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those from the pelvic- girdle. Consequently, as the' hip-bone is 
to sex, a certain degree of reliance may. I think, be placed on th< 
series which was ultimately drawn up. 

The sacrum was found to be quite useless In this respect. 

The Variation in Length of the Limb-Bone 

In Table I. we have a list of the various measures made on the 
bones of the right side were selected, except in the case of the ul 
bones happened to form the larger series. The third column gi 
means of the diflTerent dimensions expressed in millimetres.* 

The probable errors of the means are given by the formula 0*6745 - 

and a rough estimate of their values may be made by mere inspect 
In the following tablet I have compared some of the means ] 
Bace with the means of the measurements made by Dr. E. Rolle 
A certain resemblance is seen to exist between them ; the bones v 
are the tibia and radius. From this we might be tempted tc 
stature of the New Bace was not far removed from that of the 
relation which exists between stature and the length of limb will 
in the present paper. 



Bones of the right side. 


French.§ 


1 


No. 


Mean. 


Standard 
deviation. 


Coefficient 
of variation. 


No. 

80 
113 
85 
115 
62 
97 
47 
66 


Mean. 


Femar (mazimnm), (^ 

>» J) J + 
Tibia(exclndiiig spine), (f 

>» »» » + 
Hmnerns (mazimam), (J 

11 » ■ » + 
Radios (mazimnm), (^ 


60 
60 
50 
60 
50 
50 
50 
50 


452-28 
415-70 
36806 
:B34-44 
330-10 
297-66 
243-94 
214-86 


23-72 
22-55 
17-99 
18-63 
15-38 
15-26 
11-70 
10 95 


5-425 
5-425 
4-888 
5-571 
4-659 
5-123 
4-796 
5096 


459-30 
426-27 
379-70 
349-57 
326-18 
298-66 
256-97 
233-29 



* The relative length of the male bone to the female bone is expressed by the 
coefficients of variation are dealt with in a similar manner. I shall here attemp 
sexual ratios in different races, as this is now being done by Professor Peae 
be noticed that the size-ratio appears to be greater in the radios, ulna, an 
other bones. 

t I am indebted to Professor Piaeson for the French numbers. They we 
measurements made by Dr. Bollit at the Anatomical Laboratory at Lyons. 

X '* De la mensuration des os longs des membres," Lyons, 1889. 

§ Two or three left bones are included here. 
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In the 4th column the constant known 843 the " Error of Mean Square " (Airy), 
or the " Standard Deviation " (Pearson), is given. This is expressed in millimetres, 
and was always determined from th(5 second " moment-coefficient '' of the trapezia- 
system and not from the loaded ordinates. It is an absolute measure of dispersion 



about the mean. A relative measure is 



Standard Deviation 
Mean ' 



* this is called the 



" coefficient of variation," and has recently been introduced by Professor Pearson. 
These relative measures of variability are given in the 5th column of the table. 
The probable error of a standard deviation (<r) is given by an approximate formula 

0*6745 -jw=^ and of a coefficient of variation (v) by 0*6745 ~7^, where n = the number 

of observations. A general idea of the values of the probable errors may be obtained 
by inspection, as in the case of the means. 

We can now see that the absolute measure of variation, as given by the standai-d 
deviation, is always greater in the longer bones than in the shorter, and in the 
male than in the female. There is no obvious reason why this should be the case ; 
although, for instance, the tibia is a somewhat shorter bone than the femur, yet 
the absolute variation in magnitude is not necessarily smaller in the former than in 
the latter. Similarly, although the mean length of the bones of the female is shorter 
than that of the male, it does not follow that the standard deviation should be less. 
And does a percentage measure always express the variability of an organ as it affects 
an individual organism? Take, for example, the two femora of a man, if one is a 
quarter of an inch longer than the other, the percentage variation does not concern 
him, it is the absolute variation of a quarter of an inch that is of importance. It thus 
appears that a ratio-measure of variation does not always express the variability of a 
dimension as it affects the individual. 

With this reservation we will examine the 4th and 5th columns of the table. 

It will be seen that the absolute variation of the bones diminishes as we pass from 
the femur to the clavicle, that is as the dimension becomes smaller. Or, in other 
words, the absolute variation is roughly proportional to the absolute length. Also it 
can be observed that the female is considerably less variable than the male. 

The ratio-nieasure of variation, on the other hand, indicates that the femur, tibia, 
humerus, and radius are all about equally variable, while the tibia, ulna, and clavicle 
appear to exhibit little, if any difference in this respect between the sexes. 

These results would seem to show that the variability of the two sexes, relative to 
each other, is far from constant in different races. In the comparative table given 
above, we see that in the French the female is more variable than the male in 
the tibia, humerus, and radius, while in the New Eace there is a distinct reverse 
tendency. 

The present results would appear to confirm Professor Pearson's generalisation 

• This ratio ia more conveniently expressed as a percentage. 
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that " the more primitive and savage a race the less will be the valuation of 
both sexes, and the greater will be the approach to equality of variation between 
the sexes."* 

It will now be best to deal with each bone separately. 

The Femur 

In the very great majority of the femora the linea aspera was strongly marked, 
indicating great use of the muscles of the posterior part of the thigh. Frequently 
also the gluteal ridge was very prominent and rugged. The form of femur known 
as " femur k pilastre '' occurred with considerable frequency. Here the linea aspera 
projects as a strong ridge or column. Two fairly distinct types were noticed : in the 
one {F.L 235 in Plate) a cross section through the middle of the shaft would roughly 
resemble an isosceles triangle with the two sides slightly concave and the base 
convex ; in the other, which is the commoner form {F,r. 175), the upper part of the 
triangle would appear to be replaced by a rectangle and the base would be some- 
what more convex. In the latter type the flat top to the rectangular prism is much 
roughened, while in the former this is replaced by a moderately smooth edge. 

It is much to be hoped that on some future occasion the transverse and antero- 
posterior diameters may be measured on all the femora, and then an accurate 
determination of this character could be made. At present it is only possible to 
state that the male series exhibited this form of femur more frequently than the 
female. As many as 8 per cent, of the male femora, but only 3 per cent, of the 
female possessed a strongly-marked column, while in 13 per cent, of the men and in 
7 per cent, of the women this character was exhibited in a less pronounced form. To 
give some idea of these groups I measured five femora, and the ^' pilastric indices"^ 
were 128, 124, 123 belonging to the first group, and 119 and 117 to the second 
group. The diameters were taken at the middle of the shaft. 

Sir William Tuknbe, in describing the bones collected by the Challenger 
Expedition, remarked that some of the femora, especially those from New Zealand, 
exhibited an antero-posterior compression at the upper end of the shaft. This 
condition has been termed " platymery " by M. Manouvrier, and he has instituted 
a platyemric indeXy which resembles the pilastric index, only that the diameters are 
taken at the sub-trochanteric section instead of at the middle of the shaft. 

I have found that this platymeric condition was conspicuously exhibited in the few 
femora which had a very low pilastric index, while on the other hand the femora 
which possessed high pilastric indices seldom showed a trace of flattening at the 

• " The Chance of Death and otber Studies in Evolution," vol 1, p. 303. This volume is about to be 

published. 

J. T»-i L ' 'J Antero-posterior diameter ^ ^.^ 

t Pilastric index = ^ ^ _. ^ x 100. 

Transverse diameter 
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upper end of the bone. This observation confirms Manouvrier's statement that 
pilastric femom seldom exhibit platymery to any marked degree. Dr. Hepburn* has 
recently determined the platymeric and pilastric indices on the femora of a 
considerable number of races, and his results agree in the main with this view, 
namely, that femora with high pilastric indices exhibit, as a rule, but little 
platymery ,t while those with low pilastric indices are frequently platymeric to a 
greater or less degree. 

In a few of the femora the antero-posterior diameter at the middle of the shaft 
was considerably less than the transverse, and so the index was l>elow 100. The 
indices in two cases were : pilastric index, 89*8 ; platymeric index, 62'6 (see Plate 
F.r. 7)1 ; and 96-3 and 76*4 respectively. 

The Length-measurements of the Fevmr. 

Table II. recui*ds the measurements made on the right femur in the oblique 
position. In the first and second divisions, headed male and female respectively, 
the measurements are absolute and are expressed in millimetres. In the third 
division the sexes are mixed, but the length of the femur is given in terms of the 
length of the tibia (measurement " h " where spine is excluded). When only one 
tibia was found in the skeleton it was taken as the standard, whether it was a right 
or left bone ; if both tibia) were present, the mean of the two was taken* 

At the bottom of the table are given the various constants to the curves, which 
were calculated by the method of moments introduced by Professor Pbarson.§ All 
these constants are expressed in tenns of the units which are to be found at the tops 
of the 1st, 4th and 7th columns respectively. 

The centroid = position of arithmetic mean. 

/x^ = the second " moment coeflicient." 
the 2nd momeut about the centroid 
No. of observations 
<r = -vZ/x^ = Standard Deviation (Pearson). 

= Error of Mean Square (Airy). 
fi^ = the third ** moment coefficient." 
fi^ = the fourth " moment coefficient." 

The critical function = 2^2 -" ^fii — 6. When this expression is positive the theo- 
retical curve has an unlimited range, but when negative the range is limited. 

* ' Journal of Anatomy,' vol. 31, 1896. 
t The Maoris would seem to form an exception. 

X In this femnr there was a third trochanter ; its position is indicated in the diagram by the sign {*) 
placed against the protuberance at the lower comer. 
§ ' Phil. Trans.,' A, vol. 186, 1895, pp. 343-4 U. 
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B. femur in obliqne position. 


R. femur ezpreased in thousandths 
of tibia (malleolus included). 


Hale Msries. 


Female series. 


Sexes mixed. 


Units 

-6 

millims. 


Absolute 

measores in 

millims. 


Fre- 
qaency. 


Units 

-6 

millims. 


Absolute 

measures io 

millims. 


Fre- 
quency. 


Units 
-0-008 
of tibia 
length. 


Thousandths 
of tibia length. 


Fre- 
quency. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 


405-410 
411-416 
417-422 
423-428 
429-434 
435-440 
441-446 
447-452 
453-458 
459-464 
465-470 
471-476 
477-482 
483-488 
489-494 
495-500 
501-506 
507-512 
513-518 
519-524 
525-530 
531-636 


1 
3 
1 
5 
7 
7 
7 
4 
11 
8 
4 

I 

6 
3 
3 



1 

1 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 


376-381 
382-387 
388-393 
394-399 
400-405 
406-411 
412-417 
418-423 
424-429 
430-435 
436-441 
442-447 
448-4.53 
454r-459 
460-465 
466-471 
472-477 
478-483 


2 

3 

5 

7 

10 

12 

8 

8 

12 

16 

11 

8 

5 

2 

2 

1 



1 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


1142-1149 
1150-1157 
1168-1165 
1166-1173 
1174^1181 
1182-1189 
1190-1197 
1198-1205 
1206-1213 
1214^1221 
1222-1229 
1230-1237 
1238-1245 
1246-1253 
1254-1261 
1262-1269 
1270-1277 
1278-1286 
1286-1293 
1294^1301 


1 

6 

6 

10 

15 

21 

19 

17 

13 

23 

16 

12 

10 

7 

1 

3 

1 

1 



1 


No. of obserrations . 


80 


No. of obserTatioDs . 


113 


No. of olnervations . 


183 


Centroid = 90750. 

^=17-2610. *= 41546. 

^ = 350033. /.^ = 965-6331. 

A= 0-2882. ft= 3-2400. 

Critical function = — 0-235. 


Centroid = 82743. 

/4 = 12-0471. * = 3-4709. 

*,= 2-7945. /.. = 379-0705. 

/Sr,= 0-0046. /S,= 2-6119. 

Critical function = — 0-790. 


Centroid == 84918. 

/I, = 12-6133. « = 3-5616. 

/.J =13-6154. /.4 = 452-8204. 

py= 00924. /8,= 2-8462. 

Critical function = ~ 0-686. 



On account of the comparative fewness of observations the values of the constants 
coming after a must be regarded as only very roughly giving some kind of approxi- 
mation to true values. Still, it may be observed, that in the case of the femur all 
three critical functions are negative, and it will be found with the other bones that a 
negative value occurs more frequently than a positive one. From this it would seem 
that the curves resulting from the measurements of bones belong to that skew type 
which has a strictly limited range. How fai* such a theoretical range has any practical 
significance remains to be demonstrated, but it would require a much larger series 
than we have here before the theory could be satisfactorily applied to the length of 
bones. The range, given by the 113 female femora, has, however, been calculated; 
it is equal to 25 '28 units, while the observed range is 18 unita 
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In the accompanying diagram, the frequency polygons are drawn. They all 
exhibit a marked double-humped character.* The number of observations is too 
small for us to feel any certainty as to the meaning of this. Perhaps it is a mere 
accident, or it may indicate that we have here two races, or a slight admixture of 
the sexes. If we compare these polygons with those given by the tibiae, we shall 
see that the latter exhibit the double peak less strongly than do the former, while in 
the case of the humerus and of the radius, this character seems to have nearly 
disappeared. This favours the view that the double peak is merely accidental It 
must be observed, however, that in two closely allied races, the femora might differ in 
length more perceptibly than the other bones, and so such a comparison is scarcely con- 
clusive as to the homogeneous nature of the material. It may be remarked here, that 
most of the curves exhibit a distinct tailing off on the positive side of the centroid, the 
slope of the curve being steeper on the negative side. We have above seen that the 
polygons show a marked tendency to conform to skew curves of limited range, and 
we may conclude that this range is greater on the positive than on the negative side 
of the mean, or, in other words, that there is greater abnormality among long than 
among short bones. 

On referring to Table I., it will be seen that the word " pairs " is placed at the 
head of the right half division. By a *' pair" we mean the right and left bones of 
the same skeleton. In 47 pairs of male femora, the mean of the right bones was 
I'll millims. lower than the mean of the left, and in 66 female femora it was 
1*55 millima lower. The relation which was observed between the two sides is 
shown in the following scheme : — 











No. of 
pairs with 




No. of 






No. of 












Difference 
betweeq 


thelLand 
L. bonfis 




pairs 
with 




ATerag« 


pairs 
With 




▲Terage 




Sex. 


No. of 


the means 


differing 


Per- 


theB. 


Per- 


pondc^rmnce 
of R. 


theL. 


Per. 


poncteraiioe 






pairs. 


of the 


from one 


centage. 


bones 


centage*. 


bonea 


centage. 








R. and L. 


another 




greater 




orerL. 


greater 




nmv 1L 








booes.f 


byleM 




than 




than 














than 1 




theL. 






the& 















millim. 




















miilims. 




percent 




percent. 


millinis. 




percent. 


miUims. 


Femur . 


cT 


47J 


-Ill 


10 


21-3 


m 


36-2 


2-52 


28§ 


59-6 


SM 


(Obliqne) 


? 


66 


-1-55 


12 


181 


18 


27-3 


274 


46 


697 


3-80 



* The ratio-onrve, we sbonld expect, would give some Bigns of its compoand nature, for the femur, 
in pro]x>rtion to the tibia, is slightlj shorter in man than in woman, as we shall see later cm. 

•f These means were foand bj direct addition and division, and not from tbe centroid of the poljgOD 
in which the measurements were grouped. With such a few observations, a slight difference would be 
expected to occur. 

I 1 have omitted a doubtful pair here, ^o. 874. It was included in Table 1. 

§ These numbers were obtained by using all the bones, whether they differed from one another by 
leps than 1 millim. or not. 
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These results are similar to those obtained by Dr. J. G, Garson,* who some years 
ago investigated the subject of " side " on a series of 10 femora and tibiae belonging 
to diflFerent races and to both sexes. Out of his 70 pairs of femora, the right and 

Diflgram I. 



The above curves are reduced to the same area by adjusting the vertical scale. 



left bones differed from one another by less than 1 millim. in 9 cases (12'8 per cent.), 

while in 20 cases (28 6 per cent.) the right was greater than the left, and in 41 cases 

• * Journal of Anatomy,' vol. 18, 1879. 
V 2 
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(58*5 per cent.) the left was greater than the right. It was also noticed, that when 
the right bone was greater than the left, the difference between them (average 
preponderance = 2*9 millims.) was as a rule somewhat less than when the left was 
greater than the right (average preponderance = 3-8 millims.). A similar tendency 
can be seen in the present results. 

An examination of the above table would appear to show that the difference 
between the means of the two sides was rather greater in woman than in man, and 
from this we should anticipate that there would be fewer cases in which the left 
bone was shorter than the right, and such we find actually occurs. 

The standard deviations and the coefiicients of variation appear to indicate no 
constant difference between the variability of the bones of the right and left side. 

The Length of the '* Neck + Head '' of the Femur. 

This dimension was measured from the point O (see Plate 22, fig. 1) to the point 
where the axis of the neck intersects the surface of the head. The latter point was 
always situated a short distance above the fossa for the interarticular ligament. 

The measurements were expressed in terms of the maximum length of the femur 
(AB), and also in terms of the length of the shaft (OD). The results are given in 
Table III. The constants thus found show that the length of the neck + head in 
proportion to the length of the femur is greater in the male than in the female ; also, 
according to both absolute and ratio-measures of variability, man would appear to be 
more variable than woman in this respect. 

To ascertain the relationship between this length and the effective length of the 
femur (oblique length), a correlation was instituted between the two dimensions. 
Table IV. gives the means and variation constants of the pair of dimensions for each 
sex. The " r " to the right of the table is the " coeflBcient of correlation." This 
fraction expresses the relationship between the parts such that 

If X = the average deviation of neck + head associated with a known 
mean deviation of a group of femora ; 
A = this known mean deviation of the femora ; 
Qn = an absolute measure of the variability of neck + head ; 
Qj, = the similar measure of variation of the femur ; 

f^^ = r. Therefore X = (rQN/Q,) A. 
A/yp 



then 



^Qn/Qf ^s called the '* CoeflBcient of Regression." 

These coeflficients of correlation (otherwise known as Galton's Functions) were 
determined by means of the formula used by Professor Peabson,* 

* * Phil. Trans.,* A, vol, 187, 1896, pp. 253-318. 
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r = 



lur^a^ 



where n = number of observations, and o-ao-b are the standard deviations of the 
dimensions A and 6 respectively. 
The probable errors of the coe£5cieuts were calculated from the formula, 



0-6745 



l-r» 



V'r(l +1^) 
Table III. 



Neck + head of femur 
Maximnm length of femnr 


Male series. 


Female series. 


Unit = 0004 
of the length 
of the femnr. 


Thousandths of 
femnr. 


Frequency. 


Unit = 0004 
of the length 
of the femur. 


Thousandths of 
femnr. 


Frequency. 


1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 


135-138 
139-142 
14&-146 
147-160 
151-164 
156-158 
159-162 
163-166 
167-170 
171-174 
175-178 


1 

3 
4 
3 
10 
11 
6 
4 
1 
2 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


129-132 
133-136 
137-140 
141-144 
145-148 
149-152 
153-166 
157-160 
161-164 
165-168 
169-172 
173-176 


1 



2 

2 

12 

17 

25 

12 

. 11 

4 



1 


No. of individnals . . 


.46 

1 




87 


Mean ....... =158-6333 

Standard deviation . . = 84894 
Coefficient of variation . = 5*352 


Mean =154-0402 

Standard deviation . . = 71932 
Coefficient of variation . = 4*670 


Neck + head of femnr 
Length of shaft 


Male series. 


Female Series. 


Mean. 


H, 


1'. 1 


Mean. 


*. 


P. 


183-865 


10-585 


- 5-757" • 


• 179029 


9-028 


5*043 
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Table IV. 



Cortelation between neck + head of f enmr and the oblique length of femnr. 


Sex. 
? 


No. 
of indi- 
vidoalR. 


Dimen- 
sion, 


Mean. 


ff. 


tf. 


Dimen- 
sion. 


Mean. 


ir. 

18-952 
19-637 


4-227 
4-675 


r. 


Probable 
error 
ofr. 


43 
61 


Neck 
+head 
Neck 
+bead 


71-604 
65-131 


4-940 
4-503 


6-899 
6-914 


Femnr 
Femnr 


448-395 
420049 


0-6939 
0-6772 


0-0438 
0-0387 



The coefficients of correlation which have been obtained for the above-mentioned 
pair of dimensions are fairly high, showing that the length of the neck + head varies 
simultaneously and more or less proportionally to the variations in the oblique length 
of the femur. 

Other things being equal, an increase in the length of neck + head must neces- 
sarily increase the oblique length of the femur, and so from the nature of the case a 
certain amount of correlation must occur. But since the probable error of this 
dimension is very small in comparison with that of the whole length of the femur, 
this incidental correlation cannot be large. It may be stated, then, that most of the 
correlation which has been detected is due to the relation which exists between the 
variation in the length of the neck + head and that of the shaft of the femur. 
What was required to be known in the present case was how the deviations in the 
length of the neck -f- head are associated with deviations in the effective length of 
the femur, and under this aspect of the problem the different causes producing the 
correlation do not concern us. 

Man is perhaps slightly more correlated in this respect than woman, but since the 
probable errors of the coefficients are so considerable, we can feel no confidence in the 
difference which is shown. 

The Angle of the Neck with the Shaft. 

This angle was measured by the method previously described; the results are 
summed up in the left half of Table V. 

The mean angle is 2^*.56 higher in the female than in the male ; also the constants 
of variation appear to be greater in the former than in the latter. 

Table VL gives the coefficients of correlation between the angle of neck and the 
proportional length of head -f neck to maximum length of femur. We see that the 
correlation is negative, indicating that a femur having a proportionally short neck 
and head will, as a rule, possess a somewhat high angle. 
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Table VI. 



Sex. 


No. 


Dimension. 


Dimension. 


r. 




45 

88 


Angle of neck 


Neck + head 


-0 346 
- 273 


Femnr (mazimnm) 

99 



Probable error 
of r. 



0084 
0-064 



Professor Humphry* has stated that this angle '' is smaller in short bones than in 
long bones/' and '' in women than in men/' My measurements do not seem to 
confirm this conclusion, and it is not clear how the method of measurement would 
account for the disagreement. We have previously seen that women possess a 
short neck + head in proportion to the maximum length of the femur, and we now 
see that in both sexes such a condition tends to be associated with a high angle. In 
conformity with this, the mean angle in woman might be expected to be slightly 
higher than in man, and this is what we find in the present nieasurements. 
Dr. JoHANN MiKUUCzt has measured the angle of the neck on 100 femora 
from the Vienna hospitals. He gives the mean angle as lying between 125^ and 
126^ but the sexes are mixed. This is practically identical with the mean of 
Table V* The table which Mikulicz publishes shows very little coiTelation between 
the length of the inferior extremity and the angle of the neck, and in the case of the 
New Bace the correlation is very slight, but apparently positive. With regard to 
sex differences, nothing that is really satisfactory can be deduced from his measure- 
ments. I do not think from the data which are at present available that it can be 
safely concluded that this angle in Europeans is as a rule smaller in women than 
in men. 

2%e Angle of Torsion. 

The method of measurement has already been described. The true angle of torsion 
is given by the angle which the axis of the neck makes with the transverse axis of 
the lower extremity of the bone. Tlie angle which was measured is the angle that 
the axis of the neck makes with the vertical plane touching the posterior surfaces 
of the condyles when the bone is held upright. This plane, however, is nearly 
parallel 1o the transverse axis. 

The measurements are given in the right-hand division of Table V. The mean of 
the female series is 4^*39 higher than that of the male. Mikuucz has measured the 
angle of torsion in 120 European femora ; although his method of measurement 

• « Journal of Anatomy,' vol. 23, 1889. 
t * Arobiv fur Anatomie,' 1878. 
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differs from mine, yet our results are comparable. The mean angle of his series is 
12°. In 10 cases the angle of Mikulicz's series was negative, that is, the neck 
turned posteriorly instead of anteriorly. In my series only one negative angle was 
found, and that was in a left femur ; the measurements I have recorded are those of 
the right femur. The table which Mikulicz gives shows a range from — 25° to 
+ 37° (sexes mixed), while my series ranged in the male from + 2° to + 39°, and in 
the female from + 9° to + 42°. It will be seen from these figures that the torsion 
of the femur in Europeans is very considerably less than in the New Race. We may 
hence conclude that the torsion-angle in the femur differs very widely in different 
races. 

The Relation between the Maodmum and Oblique Lengths of the Femur. 

The ratio of the maximum length (OB) to the oblique length (O'B) will give 
the secant to the angle (a) which the condyles make with the horizontal plane 

when the bone is held vertically in the " maximum o jf 

position." This angle a is equal to the angle of 
deflection of the line OB from the vertical when 
the bone is placed in the *' oblique position." 

From Table VII. we see that the angle a is 
1°*43 larger in the female than in the male. 
Now, there is apparently no correlation between 
this angle and the length of the femur (see 
Table VIII.) ; consequently it would seem that, 
other things being equal, the size of the angle 
depends upon the width of the pelvis. We have 
previously seen that long femora tend to have a 
proportionally long neck and head (NH), hence, in 
tall persons this angle is not necessarily altered, since the shaft of the bone is thrown 
a little further outwards by the increase in the dimension HN. 

From these considerations it appears highly probable that a fairly strong corre- 
lation would be found to exist between this angle a and a suitable breadth- 
measurement of the pelvis, such as the distance between the centres of the acetabula. 

The coefficients thus obtained might be of very great service in determining the 
breadth of the pelvis of prehistoric peoples by means of their femora. 




VOL. CLXXXIX — B. 
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Table VII. 



38 of B. femnr make with the horizontal plane when (he 
Id npright in the " mazimnm poeition." 




Female series. 


Frequency. 


Unit = 1°. 


Degrees. 


Freqnencj. 


1 

3 
7 

12 
7 
23 
11 
K 
6 
2 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 


o 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 


3 

4 

4 

17 

13 

18 

22 

14 

13 

2 

1 

1 

1 


80 


No. of individuals . . 


113 


5°-7876 
2"'-0637 
35-658 


Mean = '7^-2212 

Standard deviation . . = 2°-3164 
Coefficient of variation . = 32078 



Table VIII. 



Lgle of condyles and maximum length of R. femnr. 


<r. 


Angle. 


Mean. 


a. 


r. 


Probable 
error of r. 


25-2365 
210211 


Angle of 
condjles 


6-7875 
72212 


20637 
23164 


-00395 
0-0192 


0-0752 
0-0634 



The Tibia. 

jans of the different measurements made on the tibia. 

deviations it may be noticed that the maximum 

iimension in both the male and female, while the 

) of articular surfaces would appear to be the least 
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variable. Reference to the coeflScients of variation shows ns that the variability is 
roughly proportional to the length of the dimension ; and this is what we found in 
the case of the different bones, namely, that the longer a bone the greater, as a 
general rule, is the absolute variation which it exhibits. We now find that the 
same law holds with respect to different parts of the same bone. 

Among the tibiae some typical examples of the condition known as platycnemia 
occurred (see Plate 22, Tr. T. 40 and T7\ 382). It was well marked in 8*5 per cent, 
of the male series and in 4*6 per cent, of the female, and so, like the pilastric femur, 
it is less frequent in woman than in man. To give some notion of these groups, 
I obtained four platycnemic indices ;* they were 50, 527, 59, 64. 

Although it is impossible by mere inspection to give a trustworthy account of this 
character, yet it may be stated that a platycnemic tibia was frequently associated 
with a more or less pilastric femur. Thus, in the same skeleton, there seems to be 
some correlation between the tibia and femur in this respect. 

It would be very desirable if the pilastric and platycnemic indices were found for 
all the couples of these two bones, for then the coefficient of correlation between the 
two series of indices would accurately measure the relationship which exists between 
these two conditions in the same skeleton. 

Many of the tibise, and especially the platycnemic ones, exhibited a very marked 
curvature of the upper end, such that, when the shaft of the bone was held 
vertically, the upper part was obviously bent posteriorly. 

M. Paul Broga originally considered that platycnemia was a sign of degeneration, 
but he held that the possession of a pilastric femur was a character of superiority. 
Professor MANOUVRiERt has since pointed out that there are certain differences 
between the platycnemia in man and that in the anthropoid apes, as exhibited in the 
gorilla. Platycnemia is due to the antero-posterior expansion of the bone, especially 
behind the interosseous ridge, and concurrently the posterior surface may disappear. 
Over the expansion spreads the attachment of the tibialis posticus muscle. In some 
of the tibise of the New Race the surface of attachment of the tibialis anticus was 
very markedly hollowed out. In the platycnemia of the gorilla both the tibialis 
posticus and the flexor longus digitorum are inserted on the outer side of the 
expansion ; while in the platycnemia of man the latter muscle comes to be inserted 
on the inner surface, being pushed round, so to speak, by the great extension of the 
area of attachment of the tibialis posticus. (See Plate 22, fig. T. r., T. 40.) 

A careful examination of the tibiae of the New Race confirmed this view, and the 
connection between the antero-posterior extension of the tibia and that of the femur 
in the same skeleton would seem to demonstrate that both charactei^s are due to 

• Platycnemic index = rans lameter ^ j^qq measured at the level of the nutritive 

Antero-posterior diameter 
foramen. 

t 'M6m. de la Soc. d' Anthropologic de Paris,' vol. 3, 1888. 

X 2 
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similar cauBes, and that the platjcnemia, as ordinarily exhibited in man, is not a 
reversion to a simian character, for the pilastric femur is essentially human. 

Here, then, we appear to have a character which is produced by the direct action 
of use, and probably any hardy race of hunters would exhibit the flattening to a 
greater or less degree. A tibia assumes its platycnemic form only afcer puberty, 
and it would be exceedingly interesting to know whether this character, which seems 
to be purely " acquired," could be inherited. 

Some years ago, Mr. Arthur Thomson* drew attention to the fact that in many 
savage races a facet could be found upon the anterior margin of the articular surface 
of the tibia with the astragalus. He also noticed that, in the tibiae exhibiting these 
facets, the external condyloid surface was frequently flattened, or even convex. 
These characters he attributed to a frequently-assumed squatting posture. In the 
majority of the tibiae of the New Race this facet could be detected, also, in the same 
bones the outer condyloid surfaces were often convex, instead of being slightly 
concave. We may hence conclude that "squatting" was the habitual custom of the 
New Race. 

As it has been above remarked, many of the tibiae exhibited a strong backward 
curvature of the upper extremity. Professor Manouvriee has pointed out that 
such a curvature would serve to increase the resistance to an anterior sliding of the 
condyles of the femur in flexion of the leg. Manouvrier is inclined to attribute 
this curvature to the same causes as those producing platycnemia, and my observa- 
tions are in accordance with his view, in that the platycnemic tibiee were generally 
greatly bent. I could trace no connection between this bending and the presence of 
facets or of the convexity of the outer condyloid surface, for sometimes there was a 
strong curvature, but no facets could be distinguished, while on the other hand, 
nearly straight tibiae often exhibited both facets and convexity of the surface. 

The Length-Measurements of the Tibia. 

The measurements which were made on the right tibiae are recorded in Table IX. 
Til the division to the right the sexes are mixed, but the measurements are expressed 
in terms of the maximum length of the femur. 

The frequency polygons are shown in Diagram II. Considering the fewness of 
observations they are fairly regular. 

The dispersion about the mean is clearly asymmetrical, and consequently nothing 
but some form of skew curve would fit our frequency curve. The critical function of 
the curve obtained from the absolute measures is negative in both sexes, and so a 
limited range is indicated In the case of the 115 female tibiae, the theoretical range 
is 26*78 units, while the observed range is 15 units. 

• * Journal of Anatomy,' vol. 23, 1839. 
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R. tibia meaawed from oentra to oestoe of artloalar sniiaoes. 


B. tibia expressed in thousandths of 
femur (mazimnm length). 


Male aeries. 


Female series. 


Sexes mixed. 


Units 

- 6 

miUims. 


Absolute 

measures in 

millimfl. 


Fre- 
qaency. 


Units 

- 6 

millims. 


Absolute 

measoies in 

miUims. 


Fre- 
quency. 


Units 
-0-0066of 
the length 
of femur. 


Thousandths 
of femur. 


Fre- 
qnency. 


1 


311-316 


1 


I 


289-294 


2 


1 


725-1-731-6 


1 


2 


317-322 





2 


295-300 


1 


2 


731-7-738-2 


2 


3 


323-328 





3 


301-306 


1 


3 


738-3-744-8 


2 


4 


329-334 


2 


4 


307-312 


5 


4 


744-9-751-4 


1 


5 


335-340 


1 


5 


31.^-318 


12 


5 


751-5-758-0 


1 


6 


341-346 


7 


6 


319-324 


9 


6 


758-1-764-6 


9 


7 


347-352 


12 


7 


325-330 


12 


7 


764-7-771-2 


11 


8 


353-358 


9 


8 


331-336 


14 


8 


771-3-777-8 


20 


9 


359-364 


11 


9 


337-342 


16 


9 


777-9-784-4 


21 


10 


365-370 


10 


10 


343-348 


18 


10 


784-5-791-0 


29 


11 


371-376 


9 


11 


349-354 


11 


11 


7911-797-6 


22 


12 


377-382 


8 


12 


355-360 


6 


12 


797-7-«04-2 


20 


13 


883-388 


6 


13 


361-366 


5 


13 


804-3-«10-8 


20 


14 


389-394 


5 


14 


367-372 


2 


14 


810-9-817-4 


11 


15 


395-400 


2 


15 


373-378 


1 


15 


817-5-824-0 


8 


16 


401-406 


I 








16 


824-1-830-6 


5 


17 


407-412 


1 








17 
18 
19 
20 


830-7-837-2 
837-3-843-8 
843-9-850-4 
850-5-857-0 


2 
1 

1 
I 


No. of 


observations . 


85 


No. of 


observations . 


116 


No. of observations . 


188 


C( 


Bntroid = 9-611 


8. 


C« 


mtroid = 8365 


2. 


Centroid = 105160. 


fu — 8 


•8983. <r = 


2 98.30. 


fH = 


8-0681. <r = 


2-8404. 


;«j = 9-9696. a = 3-1574. 


/4=1 


■0871. /i. = 23 


2-5320. 


/^= — 


4-4798. /tx = l 


81-9103. 


;.8= 1-4866. /.« = 3521603. 


A = o 


•0017. y^ = 


2-9368. 


fii = 


0-0382. /32 = 


2-794. 


/3i = 00223. y3j= 35430. 


Critica 


: f anction = — 


0-141. 


Critica 


A function ss — 


• 0-525. 


Critical fanction = 1*019. 



The following observations have been made on the relative lengths of the right 
and left tibiae of the same skeleton. In the male " pairs " the mean of the right 
bones was 0*77 millim. lower than the mean of the left, and in the female series it 
was 1*05 millim. lower : — 











No. of 
























pairs with 




No. of 






No. of 












Difference 
between 


the R. and 
L. booes 




pairs 
with 




Average 


pairs 
with 




Average 


Bone. 


Sez. 


No. of 
pairs. 


the meaDs 
of the 


differing 
from one 


Per- 
centage. 


theR. 
bones 


Per- 
centage. 


ponderance 

of R. 

over L. 


theL. 
bones 


Per- 
centage. 


ponderance 
of L 








B. and L. 


another 




greater 




greater 




over B. 








bones.* 


by less 




than 
















thanl 




theL. 






theR. 














miUim. 
















Tibia 

(centre to 

centre) 






millims. 




percent. 




percent. 


millims. 




per cent. 


millims. 


d 


57 


-077 


13 


22-8 


20 


351 


2-41 


35 


61-4 


2-64 


9 


100 


-105 


25 


25 


35 


35 


1-62 


62 


62 


2-56 

























i 



* See the notes which 'are referred to in the similar table of the femnr. 
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Diagram II. 



The aboTe curves are redaoed to the same area by adjusting the vertical scale. 
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Here, as in the case of the femur when the right bone was longer than the left^ the 
difference tends to be somewhat less than when the left was greater than the right. 
Also the difference between the means of the right and left bones was greater in 
woman than in man. 

We have previously seen that the difference between the means of the right and 
left femtir was — I'll millim. in the male and — 1*55 millim. in the female. Hence 
we find that in the New Eace the mean excess of L. femur + L. tibia over R. femur 
+ R. tibia was in the male about 1*88 millim., and in the female about 260 millims. 

Dr. Gabson stated that in his 70 skeletons the average preponderance of the 
left limb over the right was 1*5 millim. Also, from certain measurements given by- 
Sir William Turner, it would seem probable that considerable differences exist 
among races as regards the mean length of the bones on the two sides of the body. 

The Fibula. 

The maximum length of the bone was taken. Among the fibulae 3 per cent, were 
excessively flattened or channelled out laterally by deep longitudinal grooves, and 
11*3 per cent, exhibited this character to a somewhat less degree. As we should 
have expected, the flattening of the fibula was related to the platycnemia of the 
tibia, so that a platycnemic tibia was frequently associated with a more or less 
channelled fibula. 

Like the tibia, the left fibula is longer than the right. 



The Humerus. 



The 



Both the maximum and the oblique lengths were measured on this bone, 
means of the measurements are given in Table I. 

Perforation of the septum between the coronoid and olecranon fosssa occurred 
with remarkable frequency. In some cases the septum had obviously been broken, 
occasionally it was not easy to be sure whether the perforation was real or had been 
accidentally produced. Whenever any doubt existed on this head the humerus was 
excluded fit>m the following statistics : — 



8ex. 


No. of 

humeri 

of right 

side. 


No. 
which 
were per- 
forated. 


Per- 
centage. 


No. of 

humeri 

of left 

aide. 


No. 
which 
were per- 
forated. 


Per- 
centage. 


Oat of 126 pairs. 


No. of pairs 
with both 

right and left 
bones per- 
forated. 


No. of pairs 

with B. bone 

perforated 

only. 


No. of pairi 

with L. bone 

perforated 

only. 


Sexes mixed 


80 
109 
232 


17 
50 

84 


per cent. 
21-2 
45-9 
36-2 


82 
126 

280 


28 

71 

134 


per cent. 
341 
56-8 
47-8 


• • 

u 

(=34-97o) 


(=6-3»/,) 


25 

(=i9r/,) 
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An examination of these figures will show that perforation occurs more frequently 
in the female than in the male, and on the left side than on the right. 

From observations on the elbow-joint, it appeared to me that perforation is lai^ly 
dependent upon the relative sizes of the olecranon and the olecranon fossa. When 
the parts were of such a size that on extension of the forearm the beak of the great 
sigmoid cavity came into contact with the septum, then that septum was generally 
perforated. ITie greater frequency of perforation in the female may, perhaps, be due 
to two causes; (1) the humerus is less robust, and, consequently, the septum is 
thinner and more readily perforated; (2) and possibly the olecranon is relatively 
somewhat smaller in woman than in man, for a very slight relative decrease in the 
size of the olecranon would have a great effect in bringing the beak into contact 
with the septum. T believe that the perforation occurring more frequently on the 
left side than on the right is due to this latter influence, for the left olecranon 
is probably somewhat shorter than the right, because the total length of the left 
ulna is very appreciably shorter, and it would seem feasible to suppose that the 
length of the olecranon would be proportional to the total length of the bone. 

The strong anterior curvature of the proximal end of the ulna would also help to bring 

the beak of the olecranon against the septum, and this might perhaps partially account 

for the incurved ulna and perforated humerus occurring together in certain races.* 

Dr. Paul TopmARDt has given the following statistics : — 

Perforated. 
156 humeri from dolmens around Paris of the Polished 

Stone Period 21*8 per cent 

30 humeri of the Yellow Eaces of America 36 2 „ 

200 humeri of Parisians of 4th-l 2th century 5*5 „ 

218 humeri of Parisians of Middle Ages 4*1 „ 

In Negroes perforation occurs in about 21 per cent. J 

On comparing these percentages with those obtained from the New Race we see 
that the latter are very exceptionally high. 

Tlie Length'Measurements of the Humerus. 

Some of the results of the different measurements are given in Table X. In the 
fourth division of the table the sexes are mixed, but the measurements are expressed 
in thousandths of the tibia. It may be noticed that the humerus in the oblique 
position seems to be slightly less variable than when the maximum length is taken 
(see Table I.). The distributions of deviations about the mean are exhibited to the 
eye in Diagram III. 

* How far such an explanation wonld applj to anthropoid apes I am not prepared to state. In a 
Chimpanzee skeleton I examined, both humeri were perforated, but the beak of the olecranon appeared 
qnite incapable of touching the septum. 

t * Elements d'Antbropologie G^n^rale/ Paris, 1885. 

J See Sir William Turner's Memoir in the * Challenger Reports/ vol. 16. 
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Diagram III. 



The above carves are reduced to the same area by adjusting the vertical scale. 



In the scheme below ai'e given the relations which were observed between the 
humeri of the right and left sides in ''pairs " of bones. 











No of 
pairswith 




No. of 






No. of 


■ 


i 

1 








Difference 
between 


I he Rand 
L. bones 




pairs 
with 




Average 


pairs 
with 




Average 


Bone. 


Sex. 


No. of 
pairs. 


the means 
of the 


differing 
from one 


Per. 

centage. 


theR. 
bones 


Per. 
ceDtage. 


ponderance 
of R 


theL. 
bones 


Per- 
centage. 


pre- 
ponderance 
of L 








R. and L. 


another 




greater 




over L. 


greater 




overR. 








bones. 


by less 




than 




than 












than 1 




theL. 






theR. 














millim. 






















millimi*. 




percent. 




percent. 


millims. 




per cent. 


millims. 


Humerus (J 


33 


+ 338 


4 


121 


27 


81-8 


4-52 


6 


18-2 


175 


(Oblique) ? 


52 


+573 ' 2 


3-8 


49 


94-2 


615 

1 


3 


5-8 


103 
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Here we notice, as in the femur and tibia, that the difference between the means of 
the right and left bones was greater in woman than in man. 

The bones of the superior extremity were longer on the right side than on the left, 
while with those of the inferior extremity we have found that the left were longer 
than the right. 

The Relation Between the Maximum and Oblique Lengths oj tlie Humerus, 

The oblique length of the humerus is analogous to that of the femur, and the 
relation between it and the maximum length may be expressed as before by deter- 
mining the angle which has its secant = vrr ' , -, . 
° ^ obuque length 

This is the angle which the distal articular surfaces 
make with the horizontal plane when the bone is held 
upright in the maximum position, or very nearly equal 
to the inclination of the axis of the shaft to the vertical 
when the trochlea and capitellum are placed on a 
horizontal plane. 

The oblique length of the humerus does not represent 
so closely the effective length of the bone as does the 
similar measure in the femur, but it would seem to be a 
better measure of it than the maximum length. This 
appears to be proved by the following rather remarkable 
fact. On ascertaining the coefficients of correlation for the 
lengths of pairs of bones, it was found that all the bones 
except the radius were more closely correlated with the 
maximum length of the humerus (AC) than with its 
oblique length (AC). The radius, on the other hand, in 
both sexes, would seem to be slightly more closely con^e- 
lated with the oblique than with the maximum length. 
Let us consider the articulations along C(T. If the inner margin of the trochlea,* 
C, be supposed to become a little more prominent, then the oblique length will be 
shorter. Other things being equal, the humerus will be thrown further outwards 
and the capitellum C will approach the head of the radius, which bone will con- 
sequently have to be somewhat shorter if there is to be free play for the supination 
of the hand. 

In Table XL are recorded the angles which were found for the male and female 
series. The mean of the male series is nearly a degree higher than that of the 
female, and considering the probable error of the mean, the difference would appear 
to indicate that this angle is slightly larger in man than in woman. 

* The deg^ree of prominence of the inner edge of tlie trochlea is apparently mnch more variable 
than that of the globular capitellnm. 

y 2 




The vertical through the most 
prominent point of head ia 
here made to fall on the capi- 
tellnm. Frequently it falls 
outside of this. 
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Table XL 

I R. Hnmerus. The angle which the distal articalar surfaces make with horizontal plane 





when the bi 


ine IS held nprig 


ht in the maxunom position. 




Male series. 


Female series. 


Unit = l^ 


Degrees. 


Frequency. 


; Unit = 1°. 


Degrees. 


Frequency. 


1 


o 

2 


2 


1 


o 

- 2 


1 


2 


3 


2 


2 


- 1 





3 


4 


4 


3 





4 


4 


6 


5 


4 


1 





5 


6 


8 


6 


2 


I 


6 


7 


8 


6 


3 


2 


7 


8 


4 


7 


4 


7 


8 


9 


U 


8 


6 


12 


9 


10 


8 


9 


6 


10 


10 


11 


1 


10 


7 


18 


11 


12 


4 


11 


8 


13 


12 


13 


6 


12 


9 


11 








13 


10 


10 








14 


11 


4 








15 


12 


2 








16 


13 


1 








17 


14 











18 


15 


1 


No. of Individaals . . 


63 


No. of indiTidnals . . 


97 


Mean = 7^-9841. 




Mean = 7°-0000. 




Standard deviation = 2 


"-9479. 


Standard deviation = 2°-9290. | 


Coefficient of variation = 


: 36-931. 


Coefficient of variation = 


: 41-843. 



Table XII. 



The angle of obliquity in " pairs " of humeri. 


Side. 


Male (33 pairs). 


Female (51 pairs). 


Mean. 


<r. 


P, 


Mean. 


ff. 


y. 


R, . . . 
L. . . . 


7-4545 
7-7879 


2'-9832 
26112 


40-019 
33-530 


67451 
6-8039 


2-7231 
2-8441 


40-372 
41-801 



The angles for the right and left humeri of the same skeleton are generally similar 
to each other. There is no appreciable difference between the means of the two 
sides. Out of 33 male pairs, there were 5 pairs (15*1 per cent.) in which the angles 
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difiered from each other by less than a quarter of a degree. The mean of the 
differences between the right and left bcmes of the whole series was 1° 49'. Out of 
51 female pairs, there were also 5 pairs (9 "8 per cent.) with the angles differing from 
each other by less than the above amount, and the mean of the differences 
wa3 1° 43'. 

There would appear to be only a very weak correlation between this angle of the 
humerus and the similar angle of the femur. (Table XIII.) 

From the same table it will be seen that the angle tends to be larger in long than 

in short humeri. 

Table XIII. 



Pairs of dimensions. Sex. 


No. 


r. 


Probable error 
ofr. 


Angle of B. hnmeiniB and angle of B. femur $ 


51 1 00926 


00829 


Angle of B. hnmeras and maximum length of B. homeras 


? 


97 j 0-2212 


00636 



The Radius. 

On these bones, two measurements were taken ; the maximum length in the long 
axis of the bone, and the distance between the points where the longitudinal axis 
intersects the articular surfaces.* The details are given in Table XIV. The ratio 
curve obtained by expressing the radius in terms of the tibia is remarkably 
symmetrical for such a small number of observations. (Diagram IV.) The critical 
function of the curve is negative, and consequently we have a limited range ; this 
was calculated, and it was found to be 14*91 units. The observed range was 
11 units, and this is not far removed from the theoretical range. 

Like the humerus, the radius of the right side was longer than that of the left. 
The following scheme gives the relations which were observed between the right and 
left bones of " pairs " of radii. 











No. of 


1 




















pairs with 




No. of 






No. of 












DifferoDce 
between 


the R. and 
L. bones 




pairs 
with 




Average 


pairs 
with 




Average 


BoDe. 


Sex. 


No. of 


the means 


difEering 


Per- 


theR. 


Per- 


pre- 


theL. 


Per- 


pre- 


pairs. 


of the 


from one 


centage. 


bones 


centage. 


ponderance 

of R. 

over L. 


bones 


centage. 


ponderance 

of L. 

over R. 








R. and L. 


another 


1 greater 




greater 










bones. 


by less 
than 1 


















theL. 






theR. 














millim. 


1 


















millims. 




per cent.] 


per cent. 


millims. 




per cent. 


millims. 


Badiust 


(? 


21 


+203 


1 


4-8 


15 


71-4 


3'45 


5 


23-8 


1-80 


(c. to c.) 


? 


27 


+3-05 


6 


22-2 


23 


851 


3-65 


3 


111 


0-53 



* 1 someiimeB refer to this measare by the abbreviation (c. to c), although the distal point is not qnite 
the centre of the articular surface. 

t See the notes referred to in the table of the femur. 
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Tablb XIV. 



R. radius, measored from centre to centre of articular surfaces. 



Hale series. 

1 


1 
Female series. 


UniU 

-4 


Abtolnte 
meuores in 


Fre- i 


Units Absolute 
•> 4 ' measures in 


Fre- 


millims. 


millimg. 


qnenoy. i 


miUims. millims. 


■1 


1 


209-212 


1 


1 203-206 


4 


2 


213-216 





2 207-210 


7 


3 


217-220 





3 211-214 


8 


4 


221-224 


1 


4 216-218 


8 


5 


226-228 


2 


5 219-222 


10 , 


6 


229-232 


4 


6 223-226 


15 


7 


233-236 


4 


7 227-230 


4 


8 


237-240 


8 


8 231-234 


2 


9 


241-244 


9 


9 235-238 


3 . 


10 


245-248 


5 


10 239-242 


1 


11 


249-262 


3 


11 243-246 


2 


12 


253-256 


4 


12 247-250 


2 


13 


257-260 


1 






14 


261-264 


2 


, 




16 


265-268 







1 


16 


269-272 


2 


1 


1 


17 


273-276 


1 


1 


i 


No. of obserTations . 


47 


No. of observations . 


1' 
66 ! 


Controid = 9-21i 


J8. 


Ceutroid = 51G67. , 


/ig = 9-9612. a = 


31545. 


/i3= 7-0934. a = 


2-6633. 


/., = 9-4046. /., = 34 


t8-3S66. 


;<5 = 11-9714. /I, = 160-8118. II 


ft = 00897. ft = 


3-5176. 


A= 0-4015. ^j = 
Critical f anction = — 


31960. 1 


Critical function = < 


3-766. 


■ 0-613. 



R. radius, measurements expressed in 
thousandths of tibia length. 



Sexes mixed. 



Units 
= 0-008 
of tibia- 
length. 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 



Thousandths 
of tibia. 



Fre- 
quency. 



594-601 
602-609 
610-617 
618-625 
626-633 

634r^l 

642-649 
650-657 
658-665 
666-673 
674-681 



I 

3 

4 

14 

14 

17 

14 

14 

7 

6 

3 



No. of observations 



97 



Centroid = 6-3196. 
^ r= 50439. c = 2-2454. 
^ = 0-6830. /i^ = 64-6901. 
/3i=: 0-0035. /33= 2-5427. 
Critical function = — 0*925. 



The constants of the L. radios (expressed in terms of tibia) are : — ^No. of observations 84, Observed 
range 589-684 thonsandths, Centroid 53452, f^ = 61070, a = 2-4712, h- " 1*^567, fi^ = 894063, 
/3i = 00106, /Sa = 2-3972, Critical function = - 1-2374. Theoretical range = 13-78. 

As with all the other bones, greater asymmetry can be observed in woman than 
in man. 

In the male the humerus + radius on the right side was, on the average, about 
5*41 millims. longer than on the left, in the female it was about 878 millims. longer, 
and hence woman was approximately 3*37 millims. more asymmetrical than man. 

In the case of the inferior extremity a similar though a less marked difference 
was found between the sexes ; the female had a mean excess of about 0*72 millim. 
over the male asymmetry. 
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Diagram IV. 



The above curves are reduced to the same area by adjusting the vertical scale. 



The Ulna. 

The measurements made on this bone were : the maximum length in the direction 
of the long axis, and the distance from the centre of the inferior articular surface to 
the point where the longitudinal axis cuts the surface of the olecranon. 

This bone was remarkable in several respects. The olecranon was very variable in 
size, occasionally it was large and massive, but more often it was small in proportion 
to the length of the bone, and sometimes it was diminutive to an exceptional degree. 
The upper third of the bone in the majority of cases exhibited an anterior curvature. 
This curvature was strongly marked in 217 per cent, (see U. r. B. 114 in Plate 22). 
T noticed a tendency for a much curved ulna to occur with a platycnemic tibia and a 
pilastric femur. 
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It would seem then that, under certain circurnstances, the limb-bones are so acted 
upon by a vigorous musculature that they assume these special forms. 

The measurements are recorded in Table XV., the left ulna is given because It 
happened to constitute the larger series. There is a certain resemblance between 
these curves and those of the radius, and this is especially the case with the ratio- 
curve where the length of the ulna is expressed in terms of the length of the tibia. 
In this curve the critical function is negative and the theoretical range is 18 '29 units, 
and this is not very different from the observed range (13 units). A similar result 
was obtained for the radius. 

Table XV. ':- 













R. ulna. The measurements are 




L. ulna. 


The styloid 


1 process is cxclndert. 




expressed in thousandths of tibia 
length. 


Male series. 


' Female series. 






Sexes mixed. 


Uoits 


Abeolate 


Fre- 


Unite 


Absolute 


Fre- 


Units 
»(H)08 


Thousandths of 


Fre- 


•= 4 

rnilUms. 


measures in 
millims. 


qnency. 


= 4 

millims. 


measures in 
millims. 

199-202 


quency. 


of tibia- 
length. 


tibia. 


quency. 


1 


228-231 


1 


1 


1 


! 

1 


668-676 ! 1 


2 


232-235 





2 


203-206 





2 


676-683 


2 


3 


236-239 


1 


3 


207-210 





3 


684-691 


7 


4 


240-243 





4 


211-214 





4 ■ 


692^99 


4 


5 


244-247 





i 5 


215-218 





5 


700-707 


4 


6 


248-251 


1 , 


1 6 


219-222 


1 


6 


708-715 


9 


7 


252-255 


3 ' 


1 7 


223-226 


2 


7 


716-723 


15 


8 


256-259 


3 


1 8 


227-230 


2 


8 


724^731 


14 


9 


260-263 


5 


1 9 


231-234 


7 


9 


732-739 


8 


10 


264-267 


1 


10 


235-238 


6 


10 


740-747 I 7 1 


11 


268-271 


6 


i 11 


239-242 


10 


11 


748-755 


5 


12 


272-275 


4 


12 


243-246 


7 


12- 


75e-763 





13 


276-279 


5 


13 


247-250 


10 


13 


764-771 


1 


14 


280-283 


3 


■ 1^ 


251-254 


6 








15 


284-287 


1 


' 15 


255-258 


5 








16 


288-291 


5 


16 


269-262 











17 


292-295 


1 


17 


263-266 


2 








18 


296-299 





18 


267-270 


3 








19 


300-303 


1 


19 
20 
21 
22 


271-274 
275-278 
279-282 
283-286 


1 
2 


1 








No. of 


observations . 


41 


No. of observations . 


66 


No. of observations . 


77 


Ce 


Dtroid = 11-26 


83. [ 


Centroid = 1230 


30. 


Centroid = 70519. 


«2 = 


141678. a = 


3-7640. : 


/ij = 12-9536. a = 


3-5991. 


H^- 6-4497. « = 2-5396. 


"8= - 


21-2642. ^, = ( 


538-4700. ' 


ii.= 7-8226. ^l^=h 


35-9122. 


/.J = - 4-3559. /t^ = 111-3089. 


?,= 


01590. /3j = 


3-1808. 


/8,= 00281. /8i,= 


3-1938. 


/3i= 00706. /3g= 2-6758. 


Critica 


1 function = — 


0-115. ' 


Critical function = ( 


3-303. 


Cntical fnnction = — 0-860. 



The relationship between the " sides " is shown in the following scheme : — 
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Here, again, we notice that the mean excess is greater in the female than in the 
male. 

The Clavicle. 

The length of this bone, as we have previously seen, is highly variable. Some of 
the clavicles were strongly curved, but every transition occurred from an almost 
straight bone to one bent into the shape of an S. If we can form any opinion from 
the small number of paii-s which were available we may say that the left clavicle 
tends to be longer than the right, while the left arm, as was shown above, is con- 
siderably shorter than the right. This relation, however, would appear to be much 
less constant in the clavicle than in the limb-bones. 
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According to these scant data the clavicle differs from the limb-bones in that the 
male has a greater mean excess than the female. 

The Proportional Lengths op the Limb-Bones — Indices. 

An index is a number which expresses the length of one dimension in terms of 
some other dimension measured on the same individual. Thus the absolute length 
disappears from consideration, and we have simply to deal with the varying propor- 
tion which the first dimension bears to the second. 
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I have already made use of indices in the case of each bone when the sexes were 
mixed. The curves thus obtained expressed the distribution of deviations about the 
mean ratio. These curves will be either simple or compound, according to whether 
the lengths of the bones in proportion to one another have the same or different 
means and standard deviations in the two sexes. 

In Table XVI. are given most of the indices which have been suggested by 
different observers. The indices are of two kinds. From Table I. we can construct 
the limbs of a mean-man and of a mean- woman ; the indices of these mean-individuals 
were then calculated, and they are thus indicated in the table. By such a method 
we can obtain no idea of the variability of the index. But we require to know what 
this variation is : for this purpose the index of each individual has been calculated 
separately, and so a series of indices are formed froui which measures of variability 
may be obtained. The mean of the series will thus be the mean of the indices. In 
obtaining the series the question of " side " was disregarded. Strictly, this ought not 
to have been neglected, and especially is this the case with the bones of the arm, but 
it would have been impossible to have formed a sufficiently large series if this had 
not been done, on account of the fragmentary condition of the skeletons. 

The standard deviation of one index is not necessai-ily comparable with that of 
another, for the standard dimension selected often differs in the various indices. 
On the other hand, the ratio-measures of variation (coefficients of variation) are 
comparable. 

If we look down the two columns of coefficients, the one for the male and the other 
for the female, we shall see that the intermembral index is the least variable and the 
claviculo-humeral index the most variable in both sexes, and the female is somewhat 
more variable than the male. Of the intermediate indices the tibio-femoral, the 
humero-femoral, and the radio-humeral are more variable, and the radio-crural and 
humero-crural are less variable in woman than in man. 

On the whole, then, we see that the relative proportions of the limb-bones are less 
constant in woman than in man, and so we should judge that the correlation between 
the bones would be less in the female than in the male, and this is exactly what we 
shall find when we come to consider the correlations. 

Several varieties of the indices of the mean-individual are given. These were 
added to show the difference which is produced by measuring the lengths of the 
bones in different ways. 

There is no doubt that for most purposes these numbers could be used for the con- 
version of indices, as obtained by different observers, into a comparable form, for it 
is doubtful whether race-differences would appreciably affect the relation between the 
various length-dimensions which have been adopted by different anatomists. 

Having thus discussed the variability of the indices (and this, perhaps, is not very 
different in the various races), we will now turn to the actual mean values which 
have been determined, that is, to the ethnological side of the subject. 
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(1.) The Intermemhral Index. 

The upper limb, in proportion to the lower limb, is longer in raan than in woman. 
In the data given by Turner this index was calculated from the maximum length of 
the bones, except in the case of the tibia, where the spine was excluded. The 
indices of our mean-man and mean-woman, found from corresponding measurements, 
are 69*55 and 68*56 respectively. The mean index given for Europeans is 69*5, and 
a similar index is assigned to Mongolians, Malays, natives of India, &c. 

(2.) 7%^ TihiO'femoral Index. 

The tibia, in proportion to the ferriur, is shorter in woman than in man. The mean 
indices (the maximum length of the femur was taken and the spine was excluded 
from the tibia) are 82*67 for the male and 8206 for the female. Topinard gives 
81*1 as the mean of 55 European men, and 80*8 as the mean of 17 European women. 
To judge from some rather divergent results of different authors, Negroes would 
appear to have a mean index of about 84. 

The value of this index varies much in the different races. Turner gives the 
index 83 "as marking the division between proportionally long-legged ('dolicho- 
knemic*)and short-legged races (* brachyknemic '}." According to this, the New Race 
were brachyknemic, and under this division are included Europeans, Chinese, 
Esquimaux, &c. 

(3.) The HumerO'femoral Index. 

The length of the humerus, in proportion to that of the femur, is greater in man 
than in woman. Our indices for maximum humerus and maximum femur are 71*02 
for the men and 70*06 for the women. Here the New Race diverge from the Europeans 
(index = 72*5) and resemble the black races (Negroes have an index = 71*3) where 
the humerus, in proportion to the femur, is shorter than in Europeans. 

(4.) The Radio-humeral Index. 

The length of the radius, in proportion to that of the humeras, is greater in man 
than in woman. For the maximum length of both bones the male index of the New 
Race was 7878 and the female 78*11. 

From 55 European male skeletons Topinard obtained a mean index 73*0, and 
from 26 female skeletons an index 72*4. 

Sir William Turner divides the diflferent races into three groups according tc 
the value of this index. He applies the term hrachykerkic to those races which have 
an index below 75 (such as Europeans, Lapps, &c.), mesatikerkic to those with an 
index between 75-79 (Australians, Negroes, American Indians, &c.), and dolichokerkic 
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to those with an index of 80 and upwards (Andaman Islanders, Fuegians). Follow- 
ing this classification the New Race belongs to the bottom of the mesatikerkic 
division, which includes the black races and some yellow races. 

(5.) The ClaviculO'humeral Index. 

In the New Bace the relative length of the clavicle to the humerus would appear 
to be slightly greater in man than in woman. But M. Paul Broca has measured 
9 Negroes and 7 Negresses, and the indices were 45*8 and 47'4 respectively, while in 
5 European men and 4 women they were 44*3 and 45'0 respectively. In the case of 
the New Bace the mean of the indices of 19 men was 46 '73 and of 29 women 46 '46. 
Here again, as in the radius, the New Bace approached the Negro. To judge from 
Turner's measurements very considerable differences appear to occur in the value 
of this index for different races, and this author is inclined to think that the relation 
is too indefinite to form a race-character. Such we should expect from the highly 
variable nature of the clavicle, in fact, the coefficient of variation of this bone is much 
higher than that of any of the limb-bones. 

(6.) The Radio-crural and Humero-crural Indices. 

The indices which I have so named, indicate that both the radius and the humerus 
are longer in proportion to the femur + tibia in man than in woman. Below is a 
table quoted from Topinard, and derived from the measurements made by Broca, on 
some 9-15 skeletons. In the third column are inserted the indices for the New Bace. 



Index. 

i 


Eoropeans. 


New Race. 


Negroes. 


Enmerns + radios : femnr + tibia = 100 

Radios : homeros = 100 

Radios : femnr + tibia = 100 .... 
Homeros : femor + tibia = 1 00 . . . | 
Clavicle : homeros = 100 


69-73 
73-93 
29-54 
4011 
44-63 


69-05 
78-45 
30-34 
38-64 
4619 


68-27 
79-40 
30-38 
38-20 
46-74 



In this table the sexes are mixed. 

The values for the New Bace lie in every case between the values given for 
Europeans and Negroes, but generally much nearer the latter than the former. 

The Correlation op the Lengths of the Bones. 

By ** correlation " we mean the relation which exists between two or more 
" effects," such that when the " cause " of variation produces a certain deviation from 
the mean of one effect then a simultaneous deviation is observed in all the other 
effects. 
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Take the case of two bones of the lower extremity. Let us suppose that a certain 
cause or system of causes acting on a group of still growing femora ultimately 
produces in them an average deviation from the mean length of femora in general. 
We then require to know what average deviation in the length of the tibiae, say, is 
associated with this abnormal group of femora, that is, how the cause of variation 
in the group of femora influences the mean length of the tibiae. Of course, we may 
state the problem in the reverse manner, and say that we require to know how the 
cause of variation in a group of tibiae affects the mean length of the femora. 

The causes, which are generally altogether unknown, need not necessarily be 
regarded. We have simply to deal with the effects and to express in a numerical 
manner the relation which is observed between them. 

The application of a measure which will express the relation existing between two 
correlated organs is due to Mr. Galton. A group of dimensions is chosen in which 
one organ varies between narrow and fixed limits. Now if the average deviation of 
this group from the general mean of the organ be expressed in terms of an absolute 
measure of variability of tbat organ, and if the observed associated mean deviation 
of the second organ be similarly expressed in terms of its variability, then the ratio 
of the latter to the former is practically constant, whatever group may be selected. 
This is only strictly true when the distribution of deviations follows the normal law. 

This fraction (known as r) is the measure we require, for if the mean deviation of 
the first organ ("the subject") involves an equal (i.e., " equal" in proportion to the 
variability of the organ) average deviation in the second (" the relative "), then our 
ratio becomes unity. As it involves less and less deviation in the second organ, the 
numerator of the fraction gradually approaches zero, and the constant r can thus 
have any value from ± 1 to 0. 

The best method of determining r is by means of the formula r = — —^ which we 

have already explained. By the use of this formula the whole of the observations 
are taken into account. Having found r, we see, as before, that if D = the average 
deviation from the mean of a group of femora, then the associated mean deviation 

of the tibiae, say, will be equal to r -^ D, where xr^^ org, are the standard deviations of 

femur and tibia respectively. The dispersion of these tibiae about their mean will be 
measured by the standard deviation o-,^ y/x — r^. 

With respect to the dimensions of organisms, there are two problems which require 
to be solved, namely (I) the form of distribution of the absolute variations and 
(2) that of the index variations, and corresponding to these the absolute correlations 
and the index correlations. These are two quite distinct aspects of the question. 

Suppose we had a series of men ranging in stature from pigmies to giants, and 
that they were all perfect models of one another, then the absolute variation of any 
bone would possess an extensive range, and the frequencies could be expressed by 
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some form of curve ; while the absolute correlation for evory pair of bones would be 
expressed by unity. But let us take stature as the standard, and refer the 
measures to it ; we shall then find no variation, and so the index variation and the 
index correlation are zero. 

Next, suppose that we had a series of men of identical stature, but that the bones 
varied considerably in relation to one another. Here, since the standard is constant, 
the absolute variation would give the same curve as the index variation, and the 
absolute and index correlations must also be the same. 

If we suppose in our former series ranging from pigmies to giants that the indi- 
viduals were nearly, but not quite, perfect models of one another, then the absolute 
variations would have an extensive range, and the coeflScients of correlation must 
still be high. The index variations would possess a small range, while the index 
coefficients of correlation might be either high or low. 

If the individuals are supposed to only roughly resemble one another, then the 
absolute variations would give one form of frequency curve, while the index variations 
would very possibly give a quite different kind of curve, for the abnormal bones with 
respect to stature would be placed in their appropriate places towards either end of 
the series, while, of course, in the absolute series these bones might have been 
perfectly average ones. Similarly the absolute and index coefficients of correlation 
need not resemble one another, and there is no means of saying, d priori^ whether 
the latter would be higher or lower than the former. 

The absolute correlation of pairs of bones will give us a measure of how the bones 
in general are associated together, and this without reference to any particular 
standard we may wish to institute for the individual. 

The form of frequency curve given by indices will partly depend upon the selected 
standard. The standard to which the organs are referred will be different according 
to the purpose we have in view. In the case of organisms that are still growing, 
we are unable to deal with the absolute measures, and we ought to select a standard 
which will represent Jis correctly as possible the stage of growth at which the animal 
has arrived. 

When growth has ceased the significance of index variation and index correlation 
will depend upon the standard which is chosen. Here we shall generally require a 
dimension which stands in some functional relation to the organs ; for example, tall 
men would find it very inconvenient to have exceptionally short arms, and so stature 
would be a suitable standard to which the bones of the arm might be referred. In 

this example, then, a correlation between the indices — ^— — ;jj — , — ^~ — ^ — , is 

intended to answer such a question as : What relative length of leg to stature will 



• The length of the vertebral axis would be better, so as to avoid the incidental correlation dae to 
the length of the leg. 
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a man probably, have whea his arm, in proportion to stature, varies by a certain 
amount ? 

Professor Pearson has recently pointed out that if the bones were supposed to be 
sorted into skeletons absolutely at random, still a correlation would occur between 
the indices. The value tlius obtained is called the "spurious correlation," and it 

would appear to be measured by the expression .-^ ^^ /a - ^ > where Vj, v^, Vo, 

are the coefficients of variation of the two correlated dimensions and of the standard 
respectively. If p is the coefficient of congelation obtained from the actual indices, 
and pq is the " spurious correlation," the question arises as to whether any meaning 
can be assigned to the expression p — pq. Professor Pearson is inclined to think 
that this expression gives the intensity of "organic correlation," as distinguished 
from the observed correlation. 

The Absolute Congelations. 

In Table XVII. are given the coefficients of correlation of pairs of bones for the 
male and female series. 

The correlation of right and left bones is seen to be slightly less in the female than 
in the male in the case of the femur and tibia, but the right and left humerus and 
the right and left radius are perhaps somewhat more closely correlated in the female 
than in the male. Thus, with regard to right and left correlation, the female 
would seem to be more closely con*elated than the male in the upper extremity, but 
less so in the lower. In every other case the coefficients of correlation are con- 
spicuously greater in the male than in the female. The mean of the sexual ratios 
(c?/? ) of the correlations is 1-068. 

The femur and tibia are very closely correlated; the former in the male would 
appear to be about equally correlated with the humerus and radius, but on comparing 
the male and female series it may perhaps be said that the femur is slightly less 
correlated with the radius than with the humerus. In the case of the tibia, on the 
other hand, there is apparently a somewhat stronger correlation with the radius than 
with the humerus. Perhaps we ought to expect this from the fact that the femur 
and humerus, and the tibia and radius, are serially homologous. 

Everywhere, except in the case of the humerus and radius, the maximum length of 
the humerus is seen to be a little more strongly correlated with the other bones than 
is the oblique length of the humerus. Both in the male and female series the oblique 
length of the humerus is the dimension which is the more closely correlated with the 
radius. I have already suggested the reason for this in discussing the relation 
between the two lengths of the humerus. 

In all these correlations, when a right bone was not present a left was taken. 
This, in the case of the arm-bones, is scarcely legitimate, as we can see from the 
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Table XVII. 



If ale series. 



Female series. 



Pairs of bones. 



B. femur and L. femur (oblique) 

Femur (oblique) and tibia (centre to centre) . 

„ „ humerus (maximum) . . 

„ „ (oblique) . . 

„ ,, radios (centre to centre) 



R. tibia and L. tibia (centre to centre) .... 
Tibia (centre to centre) and humerus (maximum) 
„ „ „ (oblique) . 

„ „ „ radius (centre to centre) 

R. humerus and L. humerus (maximum) .... 

** ,t „ (oblioue) 

Humerus (maximum) and radius (centre to centre) . 

,, (oblique) and radios (centre to centre) 
R. hamerus (oblique) and R. radius (centre to centre) 

R. radius and L. radius (centre to centre) .... 

Clavicles (maximum) and humerus (oblique) . . . 



Sexes mixed / ^' ^^*^^^® *^^ ^' clavicle (maximum) 
\ Clavicle and infraspinous index 



No. of 




Probable 


No. of 




Probable 


indivi. 


r. 


error of 


indivi- 


r. 


error of 


duals. 




r. 


dnak. 




r. 


48 ! 


0-9765 


00032 


66 


0-9618 


0-0045 


88 


0-9164 


0-0085 


116 


0-8487 


0-0133 


63 ' 


0-8416 


0-0190 


98 


07815 


0-0209 


63 


0-8330 


00200 


98 


0-7680 


0-0222 


42 


0-8465 


0-0225 


64 


0-7014 


0-0351 


63 , 


0-96H4. 


0-0044 


100 


0-9505 


O-0O47 


74 : 


0-8497 


0-0155 


96 


0-7842 


00208 


74 ; 


0-8396 


00164 


96 


o-7a^5 


0-0209 


57 ! 

1 


0-8.505 


0-0188 


76 


0-8078 


0-0209 


33 


0-9454 


0-0091 


52 


0-9643 


0-0047 


33 


0-9284 


0-0119 


52 


0-9551 


00059 


hO 


0-8232 


0-0237 


78 


0-7745 


0-0241 


50 


0-8487 


0-0203 


78 


0-7887 


00227 


24 


0-8605 


0-0271 


35 


0-8185 


0-0291 


21 


0-9246 


00157 


27 


0-9322 


00124 


35 


0-6767 


0-0512 


42 


05349 


0-0655 




1 No. of 1 


1 

i Probable 






i indiTidoals. ! 


error of? 




mnm) 


32 




0-9317 ': 00115 




• • 


20 




0-3630 0-1231 





^leau of the sexual ratios 



{ih 



all the correlations = 1068. 



example, where the R. humerus is correlated with the R. radius. This can readily 
be understood from the considerable asymmetry which was found between the arm- 
bones of the two sides. If " side " had been regarded throughout the series, the 
number of available bones would have been so much reduced that I considered 
it best to disregard this source of error altogether, but it should be borne in mind 
that in the correlations of the bones of the arm the coeflScients are sUghtly smaller 
than if the " side " of the bones could have been taken into account. Taking every- 
thing into consideration, however, the bones of the lower extremity (the femur and 
tibia) would appear to be distinctly more strongly correlated than are the corresponding 
bones of the arm (the humerus and radius). It is remarkable that the femur and 
tibia should be about as strongly correlated with the humerus and the radius as the 
latter bones are with each other. 
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The length of the clavicle and the proportional breadth of the scapula to the 
infi-aspinous length would seem to be slightly correlated, but the probable error of 
the coeflBcient is here very large, and hence little reliance can be placed on the 
actual value obtained. 

The Index Correlations, 

The significance of these correlations has already been discussed. The standards 
which were instituted were not very satisfactory. Undoubtedly stature (or rather 
the length of the vertebral axis) would have been the best, but, of course, this was 
not available. Consequently it was necessary to take one bone as the standard, 
and to express pairs of other bones in terms of it. Whenever possible the length of 
the tibia, excluding the spine, was selected. 

The results which have been obtained are given in Table XVIII. Besides the 
coefficients of correlation* (p), I have added the ** spurious correlations" (po) which 
were determined by Professor Pearson's formula. This formula has already been 
mentioned. In the last column to the right the value p — Po ^^ shown. As an 
example, let us take the first pair of indices given in the table. The probable 

deviation from the mean of the ratio -T^^rn — associated with a known deviation (D) of 



Tibia 



2-48 



the ratio i;^' — is given by p-^D = '^-^^ D, but whether the •'organic corre 

lation " between the indices is represented by p — po = *342 rather than by p = '9 
is an open question. 

Confining ourselves to the actually observed correlations of the ratios, we see that 
many of the coefficients differ very widely from those obtained from the absolute 
measures. In nearly every case they are distinctly lower. No uniform difference 
between the correlations of the male and female can be detected. One point, 
however, comes out very clearly : the femur and humerus expressed in terms of the 
tibia are more strongly correlated than the femur and radius referred to the same 
standard. This was less distinctly shown in the absolute correlations. Also the 
tibia and radius, with the humerus as the standard, are more closely correlated than 
the tibia and the humerus expressed in terms of the femur, and with the absolute 
correlations similar results were obtained. According to the expressions p — /Oo> this 
condition of things is reversed. 



The Correlation of Homologous Parts. 

Since the foregoing was written I have been enabled to test the hypothesis of the 
closer correlation of homologous parts by a comparison with two other races, the 
Aino and the French. This has been possible through the great kindness of Miss 

• These were found by the direct correlation of the ratios. 

2 a2 
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undetermined. In sixteen cases (6*06 per cent.) the sacrum was composed of six 
vertebrae, but as the rest of the vertebral column was incomplete, it was impossible 
to say whether this condition was attained by the fusion of the last lumbar or the 
first caudal. Here five were male, seven female, and the rest undetermined. There 
were also sixteen (6*06 per cent.) other sacra, composed of six vertebrae, but the most 
anterior one was imperfectly assimilated with the remaining five, and the sacrum 
exhibited two promontories (see Plate 22, fig. S. 1102). Of these, five were male 
and six female. In six cases (227 per cent.) there were five vertebrae, but the 
anterior one was similarly imperfectly assimilated with the remaining four ; one 
belonged to a male skeleton, and three to female skeletons. In four cases (1*51 per 
cent.) the anterior vertebra was free on one side, while on the other side it was com- 
pletely fused with the rest of the sacrum, and the auricular surface extended over it. 
The actual number of vertebrae in these sacra was undetermined, as every specimen 
was much damaged. 

Many of the sacra exhibited a marked right and left asymmetry. Here it was 
observed that the auricular surface generally extended forwards unequally on either 
side. The sacra which possessed two promontories showed, as a rule, this asymmetry 
to a greater or less degree. 

A very remarkable feature in the sacra was the frequency with which a completely 
open sacral canal occurred. In no less than eight cases (303 per cent.) was the 
canal widely open throughout its entire length, while in another case it was open 
except for the neural arch of the first sacral vertebra. In four cases the canal was 
open posteriorly from a half to two-thirds of its length. Of these thirteen sacra 
nine belonged to male skeletons, and two to female. 

As far as can be judged from these comparatively few observations, it would appear 
that the female exhibits diminution in the number of constituent vertebrae more 
frequently than does the male, while, on the other hand, the open neural canal would 
seem to be an essentially male abnormality. 

Dr. A, M. Paterson* has examined 265 adult sacra of both sexes and of various 
races. He found only one specimen consisting of four vertebrae (0*37 per cent.), 
while increase above five vertebrae occurred in 35 '46 per cent. In the New Race 
diminution to four vertebrae was found in 2'65 per cent, at least, while increase above 
five occurred in only 12*12 per cent. Thus the sacra of the New Race differed 
perceptibly from the collection examined by Paterson. But it is impossible to 
know from this observer's material whether modern races differ among themselves 
in the proportional number of abnormal sacra. From our results it would seem 
probable that different races do vary very considerably in this respect, for it would 
be rash to admit that a tendency is here shown towards an elongation of the modern 
sacrum. 

Dr Paterson has drawn attention to the "sacral notch" as being a simian 

• ' Tran8. R07. Dublin Soc.,' 1893. 
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character, and he found it in a considerable percentage of the sacra ot certain races. 
The notch is occasioned by the second sacral vertebra being somewhat narrower from 
right to left than the first and third. There fits into this notch a protuberance of the 
ilium, and so the sacrum and the pelvic girdle are more firmly locked together. The 
sacral notch was not at all conspicuously exhibited in any of our sacra, though, in a 
few cases, traces of it could be observed. 

The Measurements of the Sacrum. 

Only the normal sacra, composed of five vertebrae, were measured. Two dimen- 
sions were taken, the length and the breadth. 

The length was measured from the middle of the promontory to the middle of the 
ventral border of the fifth vertebra. The breadth was the greatest transverse 
diameter as measured by two parallel and vertical surfaces. 

From these dimensions the ordinary sacral index was calculated = rr • The 

results are given in the accompanying table (XIX.). 

Here we have the anomalous result of the male sacrum being relatively broader 
than the female bone. I attribute this to the great curvature which many of the 
male sacra exhibited, while a considerable number of the female sacra were nearly flat 
(see Plate 22, figs. S. 1212 ; S.B. 112). Such a curvature will reduce the " length " 
very appreciably, and so the sacral index will become high. It would appear to be a 
more satisfactory method to measure the *' length " along the mid-line of the ventral 
concave surface, and then the effect of curvature would disappear from the index. 

Little stress, however, can be placed on the actual difference observed between the 
means of the male and female series, for the probable error of the mean is over one- 
hundredth of ** length " in each case. It will be noticed that woman is considerably 
more variable in the sacral index than man. 

From Table XX. we see that the mean length of the sacrum in absolute measures 
is a trifle greater in the female than in the male, and this we can understand from 
the strong curvature of many of the male sacra and the comparative flatness of a 
considerable number of the female bones. 

The breadth is a trustworthy measurement, and it will be seen that in absolute 
measures the female sacrum is very nearly as broad as the male, from which we 
may probably judge that if the '* length " were measured along the curved surface, the 
female sacrum would be relatively broader than the male bone. 

It would appear that length and breadth are more closely correlated in man than 
in woman. 

Sir William Turner has divided the different races into the 

(1.) Dolichohieric, with sacral index below 100 ; this is the most Simian group, 
and includes Kaflirs, Bushmen, &c. 

VOL. CLXXXIX. — B. 2 B 
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Table XIX. 




Sacral index 



B readth 
Length 



X 100. 



Male series. 



Index. 



96- 98 
99-101 
102-104 
105-107 
108-110. 
111-113 
114-116 
117-119 
120-122 
123-125 
126-128 
129-131 
132-134 
135-137 
138-140 
141-143 



No. of individuals . 



Frequency. 



1 
2 
1 

8 
2 
4 
5 
4 
2 

2 




1 



Female series. 



Unit 
003 length. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 



Index. 



Frequencj. 



95- 97 
98-100 
101 -103 
104-106 
107-109 
110-112 
113-115 
116-118 
119-121 
122-124 
125-127 
128-130 
131-133 
134-136 
137-139 
140-142 
143-145 



32 



No. of individuals 



3 
1 

5 
3 
4 
8 
8 
6 
3 
4 
2 

1 



2 



45 



Mean 

Standard deviation . . 
Coefficient of variation 



115-000. 
9-357. 
8137. 



Mean = 113-667. 

Standard deviation . . = 10*798. 
Coefficient of variation = 9-499. 



Table XX. 



_ 






The correlation of length and breadth of the sacrum. 






Sex. 


No. 

32 

45 


Dimen- 
sion. 


1 
Mean. 


fT. 


1 


Dimen- 
sion. 


Mean. 


<r. 


r. 


t 

•r. 


Pro- 

bable 

error of 

r. 


1 


Length 


97-450 
98100 


8-767 
9-420 


8-996 
9-602 


Breadth 


110-931 
110-333 


6001 
6-287 


5-410 
5-699 


0-4637 
0-3126 


0-0741 
0-0866 
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(2.) Platyhieric, with the index above 100. This group has been further 
divided into— 
(a) Subplatyhieric, index 100-106, and including Australians, Negroes, 

Chinese, Ac. 
(6) Platyhieric, index over 106, including Europeans, Ancient Egyptians. 

We now see that the New Race was strongly platyhieric; Tdrner quotes 112*4 
as the mean male index for Europeans, and 116*8 as the mean female index. We 
may hence conclude that, in this character, the New Race closely resembled modern 
Europeans. 

III. THE SCAPULA. 

Unfortunately, only a small number of these bones could be measured, as the 
scapula is a bone peculiarly liable to injury. 

When possible, I measured in all cases the total length in a straight line from the 
superior to the* inferior angle, the breadth from both the centre of glenoid cavity 
and from the middle point of its dorsal edge to the point where the spine meets 
the vertebral border. I also measured the distance of this latter point from the 
inferior angle = ** infraspinous length." 

From these measurements we can derive two indices : — 

rr^^ i • i Breadth to border 

The scapular mdex = — — X 100. 

„,, . ^ . . , Breadth to border ,^^ 

Ihe mfraspmous index ^-r: — : ^t — ^.^i X 100. 

^ Infraspmous Lengtli 

The indices which were found are given in Table XXI. ; the sexes and ''sides " are 
mixed. 

It would appear, however, that the mixture of sexes is not wholly justifiable, as 
may be seen from Table XXII. Here the means are higher in the female than in the 
male, indicating a greater proportional breadth to the scapula in woman than in man. 

Table XXIII. gives the details as to the correlation between the infraspinous 
length and breadth in 44 scapulae. There is seen to be a distinct, though not a very 
strong, correlation between these two dimensions. 

It is a rather remarkable fact that length and breadth seldom appear to be closely 
coiTelated. We found it so in the sacrum, it is also the case in skulls, and I feel satisfied 
by observation that such will be found to be true for the long bones. 

The mean of the scapular index is 6 5 '9, and of the infraspinous index 8 9 •4. These 
results are surprisingly close to the mean values given for Europeans, which are 65 3 
and 87'8 respectively. 

We have seen that the question of sex ought not strictly to be neglected ; it 

2 B 2 
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would also seem that '^ side " should be taken into account. As far as we can judge 
from the few observations, it would appear that the means of total length and infra- 
spinous length are practically the same on the two sides, but in every case in which 
a pair occurred, both in male and female, the breadth was greater on the left side 
than on the right, and so corresponded to the greater mean length of left clavicle. 
The average preponderance in four men was 1*59 millim., and in four women 
1-60 millim. 

The angle which the axis of the spine made with the vertebral border was very 
variable. I approximately measured two of the extreme cases ; the angle which the 
axis of the spine made with the anterior portion of vertebral border was 72° and 86^ 
On the whole it may be said that this ''scapulo-spinal angle " was somewhat low for 
the New Race ; the mean given for Europeans is 82^5.* 

Table XXL 



Scapular index. 




Infraspinous index. 


1 
1 


Unit = 001 
total length. 


1 
Index. 


Frequency. 


Unit = 002 

infraspinons 

length. 


Index. 


Frequency. 


1 


57 


1 


1 


74-76 


2 


2 


68 





2 


76-77 


2 


3 


59 





3 


78-79 


2 


4 


60 


1 


4 


80-81 


3 


5 


61 


1 


5 


82-83 





6 


62 


1 


6 


84-85 


7 


7 


63 





7 


86-87 


. 3 


8 


64 


3 


8 


88-89 


6 


9 


65 


1 


9 


90-91 


3 


10 


66 


2 


10 


92-93 


2 


11 


67 


3 


U* 


94r-96 


3 


12 


68 


2 


12 


96-97 


4 ; 


13 


69 


2 


13 


98-99 


4 


14 


70 


I 


14 


100-101 


1 


15 


71 





15 


102-103 


1 


16 


72 


2 


16 


104-105 











17 


106-107 


I 








"20' 


112^113 ' 


i 


No. of individuals . . . 


; 20 


No. of individnals . . . 


u 


Mean = 


= 65-900. 


Mean =8 


9-454. 


Standard deviation . . = 


= 3-816. 


Standard deviation . . = 


8-572. 


Coefficient of variation = 


= 5-789. 


Coefficient of variation = 


9-583. 



• See Sir William Turner's memoir, op. cit. 
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1 

Sex. 

1 


Six men. 


1 Index. 


Breadth to margin Breadth to centre 
Leogth ' j Length 


Breadth to roaririn 


Breadth to centre 


lofraspinoDS length ' 


Infraspinous length ° 


Mean of indices .... 
Index of mean-individual . 


65-97 65-60 
65-96 65-50 

! 


90-47 
90-29 


89-89 
89-66 


The absolute lengths"! 
from which the index 1 
of mean-individnalwas [ 
calculated J 


i ' 1 

10317 10245 10317 

156-40 156-40 114-26 

1 


102-45 
114-26 


Sex. 


Nine women. 


Index. 


Breadth to margin 
Length 


Breadth to centre 
Length 


Breadth to inar^rin 
Intraspinoiu length' 


Breadth to centre 
Infraspinous leogth ' 


Mean of indices .... 
Index of mean-individual . 


68-00 
67-85 


67-84 
67-67 


91-69 
9112 


91-44 
90-87 


The absolute lengths'^ 
from which the index 1 
of mean-individual was ^ 
calculated J 


93-23 
137-40 


92-97 
137-40 


93-23 
102-31 


92-97 
102-31 



Table XXIII. 



Correlation between infraspinous length and breadth of scapula (44 scapulee). 


Dimension. 


Mean. 


<T. 


Dimen- 
sion. 


Mean. 


<r. 


V. 


1 r. 


j Probable 
i error 
! ofr. 

1 


Infraspinous length 


109-818 


9-933 


9-045 Breadth 

1 


98045 


7-211 


7-354 


0329 


1 

! 0-086 

1 



SUMMARY. 



Some of the more important conclusions which we have arrived at may be briefly 
recapitulated in the following paragraphs : — 

(I.) We have seen that the variability of the long bones is roughly proportional to 
their absolute length. 
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(2.) With respect to the long bones, I have been able to detect no appreciable 
difference between the variabilities of the two sides of the body. 

(3.) The curves which the measurements of long bones yield would appear to be 
generally those of limited range. 

(4.) The femora of the New Race were markedly pilastric. Some few were 
platymeric, but these mostly had an exceptionally low pilastric index. 

(5.) The length of the neck + head of the femur in proportion to the total length 
of the bone is longer in man than in woman, but the angle of the neck with the 
shaft would appear to be somewhat greater, or at least not less, in the female than 
in the male. 

(6.) It is suggested that the angle of torsion will be found to be a race character. 

(7.) The oblique length of the femur, relative to the maximum length, is shorter 
in woman than in man. This is due to the greater width of the pelvis, and possibly 
there is a fairly strong correlation between the breadth of the pelvis and the angle 
which the condyles make with the horizontal plane when the bone is held upright iu 
the maximum position. 

(8.) The tibiae of the New Race exhibited platycnemia to a marked degree, but it 
was found less frequently in the female than in the male. There were distinct 
indications of a correlation between the platycnemia of the tibia and the condition 
of the ** pilastre " of the femur. 

(9.) The humeri exhibited an intercondylar foramen with remarkable frequency. 
Perforation occurred more often in the female than in the male, and on the left side 
than on the right. I am inclined to agree with Dr. Topinard's suggestion that the 
perforation in man is incidental. 

(10.) The ulna was generally incurved to a greater or less degree. 

(11.) The femur + tibia is slightly longer on the left side than on the right, but 
the right humerus + radius is very distinctly longer than the left, while, perhaps, 
the left clavicle and the left scapula with regard to its breadth are somewhat greater 
than the right. The asymmetry would appear to be more marked in woman than 
in man. 

(12.) The New Race had an iutermembral index lying between the indices 
assigned to Europeans and Negi'oes. This race was ''brachyknemic" and distinctly 
" mesatikerkic." The radio-crural and humero- crural indices very remarkably 
approached the values given for Negroes by M. Paul Broca. 

(13.) The absolute cwrelations of the bones differ very markedly from the indeu: 
correlations. The latter in every case are smaller than the former. The ** spurious 
correlations " are always approximately equal to 0'5. There are clear indications of 
a closer correlation between serially honaologous bones than between non-homologous 
bones, 

(14.) The sacrum was remarkable for the great curvature which many of the bones 
exhibited. This was more conspicuously shown in the male sacra, and consequently 



Digitized by 



Google 



WITH ESPECIAL REFERENCE TO THE NAQADA RACE. 191 

the *' length " measurement was much reduced. As measured by the ordinaiy sacral 
index, the male saeinim was broader in proportion to its " length " than the female 
sacrum. The New Eace were as strongly platyhieric as modern Europeans. 

(15.) The scapular index is higher in the female than in the male. The scapulo- 
spinal angle would appear to be somewhat low. 

Both the scapular and the infraspinous indices closely resemble those of 
Europeans. 

Here, then, in the New Race we have a hardy and vigorous people, as shown by 
the pronounced pilastre of the femur and the platycnemia of the tibia. Just as is 
observed in so many races, in some characters the New Eace was advanced or 
modem ; in others it was inferior or primitive. On the whole, the proportions of the 
limb-bones to one another may be said to have approached those of the Negro, while 
the sacral and scapular indices were almost identical with those of Europeans. 
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THE TABLES OF THE LENGTH-MEASUREMENTS OF THE BONES. 

The following tables include all the length-measurements made on the bones. They 
constitute, I believe, by far the largest series ever made on a single race. 

The publication of this raw material may appear unnecessary, but when it is 
remembered that perhaps in the future some of the preceding analysis may be shown 
to be insufficient, then the great value of such material will be evident. Besides, 
the skulls have not as yet been exhaustively dealt with, and the vertebral columns 
(other than the sacra) and certain other parts of the skeletons still remain to be 
studied. Now, many very important correlations could be instituted when all the 
material has been thoroughly worked through, and some of these would be impossible 
without these tables. 

In the preparation of the tables it was neceasary to re-sort all the measurements 
into the respective skeletons, and the whole series has been very carefully revised. 
In a few cases I became doubtful as to whether a bone really belonged to the assigned 
skeleton ; such are indicated by a query placed over the figures. On the other hand, a 
few additional bones had been overlooked ; these have since been measured, and it has 
thus been possible to construct several more undoubted skeletons. When a second 
skeleton was found in a grave it is indicated by an x placed after the number. 

These tables, then, represent a revision of the series from which the foregoing 
results have been calculated. The alterations are exceedingly few and quite 
inappreciable with respect to the values of the constants which have been determined. 
A few more skeletons have been added, and so the series is slightly more complete ; 
also the right of several bones to the place assigned them has been questioned, and a 
few errors in transcription have been corrected. These errors were not of a serious 
nature : in three or four cases the " side " of the bone had been accidentally reversed, 
while in copying the figures only three mistakes were detected, and the greatest of 
these made a difference of 07 millim. in the measurement. 

The graves from which the skeletons were taken were divided into four groups 
(the *^ General Graves," the '* Q Graves," the "B Graves." and the "T Graves"), 
since they were more thickly scattered over certain four localities than over the 
intervening area. 

The tables will mostly explain themselves. The ''side" of the bones, which have 
their measurements placed along a horizontal line, is indicated by an R (right) or 
L (left) in the third column. When both "sides" occur in the same line, **Il.L." 
is put in this column, and the " side " of each measure is shown by a little r or Z 
placed before the figures. 

At the end of each series there is placed a list of the bones which possessed the 
same number, but which, for certain reasons, could not be sorted into skeletons. 
Here the number found on the bones is placed first, and then the bones themselves 
are indicated by letters : F = femur ; T = tibia ; Fib = fibula ; H = humerus ; 
R = radius ; U = ulna ; CI = clavicle ; Sc = sacrum. 
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Description of Plate 22. 

Figs. 1-6 indicate the various measurements made on the different bones. 

Fig. F.l. 235 is the outline of a cross-section through the middle of the shaft of a 
pilastric femur. It resembles an isosceles triangle, and is the rarer type. 

Fig. F.r. 175. This is the commoner type where the crest is rectangular in cross- 
section. 

Fig. F.r. 7(1). A similar cross-section through a femur with a low pilastric index. 

Fig. F.r. 7 (2). A sub-trochanteric section through the same femur, showing the 
antero-posterior flattening (platymerism), and the third trochanter indi- 
cated by *. 

Fig. F.r. 1612. A sub-trochanteric section through a less pronounced platymeric 
femur. 

Figs. T.r. T 40 and T.r. 382 are cross-sections through strongly platycnemic tibise. 
In T.r. T 40 the posterior surface has disappeared, while this is not the case 
in T.r. 382. The sections were taken at the level of the anterior nutritive 
foramen. 

Fig. Fib.l. B 107. Cross-section through a channelled fibula. 

Fig. U.r. B 114. An outline of an incurved ulna. 

Fig. S. 1102 exhibits the curvature of a sacrum composed of six vertebrae and 
possessing two promontories owing to the imperfect assimilation of the first 
vertebra. 

Figs. S. 1212 and S.B. 112. These indicate the extremes which were observed in the 
curvature of the sacrum. S. 1212 is a male sacrum, and S.B. 112 is a 
female sacrum. 
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